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(54) PROJECTING EXPOSURE METHOD 
(5 7) Abstract: 

PURPOSE: To accurately make a reticle 
coordinate system correspond to a wafer 
coordinate system by reducing influence of a 
lithographic error of a reticle when it is exposed 
by a slit scanning system. 
CONSTITUTION: Two rows of alignment mark 
images 29AW-29DW and 30AW-30DW are 
projected on a projected image 12W of a reticle 
in a scanning direction, and two rows of 
reference marks 35A-35D and 36A-36D are 
formed as well on a reference mark plate 6 of 
the wafer stage side in the scanning direction. 
The reticle and the plate 6 are moved in the 
scanning direction, an error of the images 
29AW, 30AW and the marks 35A, 36A is 
obtained by a reticle alignment microscope, an 
error of the other image and the reference mark 
is similarly obtained, these errors are corrected 
by a measuring error of a coordinate measuring 
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system, thereby obtaining a conversion 

parameter between a reticle coordinate system and a wafer coordinate system. 
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* NOTICES * 

JPO and XNPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Illuminate the lighting field of a predetermined configuration by the illumination light, and the 
pattern image on the mask in the lighting field of said predetermined configuration is exposed to the 
substrate on a stage through projection optics. By scanning said mask and said substrate synchronously 
relatively to the lighting field of said predetermined configuration In the approach of exposing the pattern 
image of an area larger than the lighting field of said predetermined configuration on said mask on said 
substrate Two or more marks for measurement are formed towards said relative scan on said mask. The 
reference mark member by which two or more reference marks were formed in these two or more marks for 
measurement and a location [****/ almost ] is arranged on said stage. Said mask and said substrate are 
moved synchronizing with the direction of said relative scan. Sequential measurement of the amount of 
location gaps of one mark for measurement in two or more marks for measurement on said mask and the 
reference mark to which it corresponds on said stage is carried out. The projection exposure approach 
characterized by asking for the correspondence relation between the system of coordinates on said mask, 
and the system of coordinates on said stage from each amount of location gaps of said two or more marks 
for measurement and said two or more reference marks. 

[Claim 2] Illuminate the lighting field of a predetermined configuration by the illumination light, and the 
pattern image on the mask in the lighting field of said predetermined configuration is exposed to the 
substrate on a stage through projection optics. By scanning said mask and said substrate synchronously 
relatively to the lighting field of said predetermined configuration In the approach of exposing the pattern 
image of an area larger than the lighting field of said predetermined configuration on said mask on said 
substrate The alignment system of the off-axis method for detecting the location of the mark for positioning 
on said substrate near said projection optics is arranged. Two or more marks for measurement are formed 
towards said relative scan on said mask. The reference mark member in which the 1st and 2nd reference 
marks were formed at spacing corresponding to spacing of the reference point in the exposure field of said 
projection optics and the reference point of the alignment system of said off-axis method is arranged on said 
stage. Where said 2nd reference mark on said criteria member is observed by the alignment system of said 
off-axis method Move said mask towards said relative scan, and sequential measurement of the amount of 
location gaps of one mark for measurement in two or more marks for measurement on said mask and said 
1st reference mark on said stage is carried out. From the amount of location gaps of said 2nd reference mark 
observed by the average of each amount of location gaps of said two or more marks for measurement and 
said 1st reference mark, and the alignment system of said off-axis method The projection exposure approach 
characterized by asking for spacing of the reference point in the exposure field of said projection optics, and 
the reference point of the alignment system of said off-axis method. 

[Claim 3] While making it correspond to two or more marks for measurement on said mask and forming 
two or more said 1st reference mark on said reference mark member Two or more said 2nd reference mark 
is formed from these two or more 1st reference marks at spacing corresponding to spacing of the reference 
point in the exposure field of said projection optics, and the reference point of the alignment system of said 
off-axis method, respectively. Said mask and said stage are moved synchronizing with the direction of said 
relative scan. While carrying out sequential measurement of the amount of location gaps of one mark for 
measurement in two or more marks for measurement on said mask, and said 1 st reference mark to which it 
corresponds on said stage The reference mark to which it corresponds of said two or more 2nd reference 
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marks by the alignment system of said off-axis method is observed. From the average of the amount of 
location gaps of two or more of said 2nd reference marks observed by the average of each amount of 
location gaps of said two or more marks for measurement and said two or more 1st reference marks, and the 
alignment system of said off-axis method The projection exposure approach according to claim 2 
characterized by asking for spacing of the reference point in the exposure field of said projection optics, and 
the reference point of the alignment system of said off-axis method. 

[Claim 4] Illuminate the lighting field of a predetermined configuration by the illumination light, and the 
pattern image on the mask in the lighting field of said predetermined configuration is exposed to the 
substrate on a stage through projection optics. By scanning said mask and said substrate synchronously 
relatively to the lighting field of said predetermined configuration In the approach of exposing the pattern 
image of an area larger than the lighting field of said predetermined configuration on said mask on said 
substrate Two or more marks for measurement are formed towards said relative scan on said mask. The 
reference mark member by which two or more reference marks were formed in these two or more marks for 
measurement and a location [****/ almost ] is arranged on said stage. Said mask and said substrate are 
moved synchronizing with the direction of said relative scan. Sequential measurement of the amount of 
location gaps of one mark for measurement in two or more marks for measurement on said mask and the 
reference mark to which it corresponds on said stage is carried out. The 1st process which calculates each 
amount of location gaps of said mark for measurement and said reference mark; The amount of location 
gaps of one mark for measurement predetermined [ of two or more marks for measurement on said mask ] 
and the reference mark to which it corresponds on said stage is measured only once. The 2nd process which 
calculates the amount of location gaps of said mark for measurement and said reference mark; One of said 
1st process and said 2nd process is chosen. The projection exposure approach characterized by having the 
3rd process which asks for the correspondence relation between the system of coordinates on said mask, and 
the system of coordinates on said stage based on each amount of location gaps of the mark for [ with which 
it asked at the selected process ] said measurement, and said reference mark, and;. 
[Claim 5] Illuminate the lighting field of a predetermined configuration by the illumination light, and the 
pattern image on the mask in the lighting field of said predetermined configuration is exposed to the 
substrate on a stage through projection optics. By scanning said mask and said substrate synchronously 
relatively to the lighting field of said predetermined configuration In the approach of exposing the pattern 
image of an area larger than the lighting field of said predetermined configuration on said mask on said 
substrate The alignment system of the off-axis method for detecting the location of the mark for positioning 
on said substrate near said projection optics is arranged. Two or more marks for measurement are formed 
towards said relative scan on said mask. The reference mark member by which two or more reference marks 
were formed in these two or more marks for measurement and a location [****/ almost ] is arranged on 
said stage. These two or more reference marks consist of the 1st and 2nd reference marks arranged at 
spacing corresponding to spacing of the reference point of said projection optics, and the reference point of 
the alignment system of said off-axis method. Where said 2nd reference mark on said reference mark 
member is observed by the alignment system of said off-axis method Said mask is moved towards said 
relative scan. The 1st process which carries out sequential measurement of the amount of location gaps of 
one mark for measurement in two or more marks for measurement on said mask, and said 1st reference 
mark; where said 2nd reference mark on said reference mark member is observed by the alignment system 
of said off-axis method The 2nd process which measures the amount of location gaps of one predetermined 
mark for measurement in two or more marks for measurement on said mask, and said 1st reference mark; It 
is as a result of [ in the 3rd process which chooses one of said 1st process and said 2nd process, and the 
process chosen at the; this 3rd process ] measurement. From each amount of location gaps of said mark for 
measurement and said reference mark, and the amount of location gaps of said 2nd reference mark observed 
by the alignment system of said off-axis method The projection exposure approach characterized by having 
the 4th process which asks for spacing of the correspondence relation between the system of coordinates on 
said mask, and the system of coordinates on said stage, and the reference point in the exposure field of said 
projection optics and the reference point of the alignment system of said off-axis method, and;. 
[Claim 6] Illuminate the lighting field of a predetermined configuration by the illumination light, and the 
pattern image on the mask in the lighting field of said predetermined configuration is exposed to the 
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substrate on a stage through projection optics. By scanning said mask and said substrate synchronously 
relatively to the lighting field of said predetermined configuration In the approach of exposing the pattern 
image of an area larger than the lighting field of said predetermined configuration on said mask on said 
substrate The alignment system of the off-axis method for detecting the location of the mark for positioning 
on said substrate near said projection optics is arranged. Two or more marks for measurement are formed 
towards said relative scan on said mask. The reference mark member by which two or more reference marks 
were formed in these two or more marks for measurement and a location [****/ almost ] is arranged on 
said stage. These two or more reference marks consist of the 1st and 2nd reference marks formed at spacing 
corresponding to spacing of the reference point of said projection optics, and the reference point of the 
alignment system of said off-axis method. Whenever it number[ of predetermined leaves ]-exchanges said 
substrate, where said 2nd reference mark on said reference mark member is observed by the alignment 
system of said off-axis method The amount of location gaps of one predetermined mark for measurement in 
two or more marks for measurement on said mask and said 1st corresponding reference mark is measured. 
From the measured this amount of location gaps, and the amount of location gaps of said 2nd reference 
mark observed by the alignment system of said off-axis method, the correspondence relation between the 
system of coordinates on said mask, and the system of coordinates on said stage, The projection exposure 
approach characterized by asking for spacing of the reference point in the exposure field of said projection 
optics, and the reference point of the alignment system of said off-axis method. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is applied to the projection aligner of for example, a slit scan 

exposure method, and relates to the suitable projection exposure approach. 

[0002] 

[Description of the Prior Art] In case a semiconductor device, a liquid crystal display component, or the thin 
film magnetic head is manufactured at a photolithography process, the projection aligner which imprints a 
photo mask or the pattern of a reticle (it is hereafter named a "reticle" generically) on the substrates (a 
wafer, glass plate, etc.) with which it was applied to sensitization material is used. As a conventional 
projection aligner, each shot field of a wafer was moved into the exposure field of projection optics one by 
one, and many contraction projection mold aligners (stepper) of the step-and-repeat method of exposing the 
pattern image of a reticle one by one to each shot field were used. 

[0003] Drawing 1 8 shows the conventional stepper's important section, a wafer 5 is laid on the wafer stage 4 
in this drawing 1 8 , and the reference mark plate 57 is being fixed on the wafer stage 4 near this wafer 5. 
And projection exposure of the image of the pattern on a reticle 12 is carried out to each shot field on a 
wafer 5 through projection optics 8 under the exposure light from the illumination-light study system by 
which the illustration abbreviation was carried out. Under the present circumstances, since the wafer stage 4 
is driven along with wafer system of coordinates, it is necessary to measure the angle of rotation over the 
location on the wafer system of coordinates of a reticle 12, and the wafer system of coordinates of a reticle 
12. Therefore, two alignment marks (reticle mark) 60R and 61 R are formed so that it may counter near the 
pattern space of a reticle 12, and on the reference mark plate 57, two reference marks 60F and 61F are 
formed at spacing equal to spacing on the design on the wafer 5 of these reticle marks 60R and 61R. 
[0004] Moreover, on the reticle marks 60R and 61R of a reticle 12, the reticle alignment microscopes 58 and 
59 are arranged, respectively. The reticle alignment microscopes 58 and 59 are equipped with the sensor 
which can observe to coincidence the source of the illumination light which injects the alignment light of 
the same wavelength as exposure light, respectively, the reticle mark on a reticle 12, the alignment mark on 
a wafer 5 (wafer mark), or the reference mark on the reference mark plate 57. In case exposure to a wafer 5 
is performed by the stepper of drawing 18 , the image of the pattern on a reticle 12 is exposed by each shot 
field of a wafer 5, respectively by moving by the step-and-repeat method one by one only on the wafer stage 
4. 

[0005] In this stepper, in exposing the pattern image of a reticle 12 further on the circuit pattern on the wafer 
5 formed at the last process, there is the need of taking correspondence with the wafer system of coordinates 
which specify the coordinate of each shot field on a wafer 5, and the reticle system of coordinates which 
specify the coordinate of the pattern on a reticle 12 (that is, alignment being performed). In the case of the 
stepper, the one-shot area size on the exposure field of projection optics 8 and a wafer 5 was equal, since it 
was not necessary to drive a reticle 12 in case it exposes, it is the following, and correspondence of wafer 
system of coordinates and reticle system of coordinates had been made and taken. 
[0006] That is, after driving the wafer stage 4 and moving the reference mark plate 57 into the exposure 
field of projection optics 8, one reticle alignment microscope 58 detected the amount of location gaps of 
reticle mark 60R and reference mark 60F, under the reticle alignment microscope 59 of another side, the 
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amount of location gaps of reticle mark 61R and reference mark 61 F was detected, and the location of the 
pattern of the reticle 12 on wafer system of coordinates was calculated from the amount of these locations 
gaps. Furthermore, the angle of rotation of the reticle 12 on wafer system of coordinates was measured by 
moving reference mark 60F to the location of reference mark 6 IF, and detecting the amount of location gaps 
of reticle mark 61 R and reference mark 60F under the reticle alignment microscope 59. And finally 
matching with wafer system of coordinates and reticle system of coordinates was performed by rotating a 
reticle 12 or the wafer stage 4, and amending the angle of rotation. 

[0007] Moreover, in drawing 18 , in order to detect the location of each alignment mark (wafer mark) 
formed corresponding to each shot field on a wafer 5, the alignment microscope 34 of an off-axis method is 
formed in the lateral portion of projection optics 8. In this case, based on the location of the wafer mark 
detected under this alignment microscope 34, the shot field on the corresponding wafer 5 is set up in the 
exposure field of projection optics 8. Therefore, it is necessary to calculate the so-called amount of base 
lines which is spacing of the reference point in the exposure field of projection optics 8 (for example, 
exposure core), and the reference point 62 of the observation field of the alignment microscope 34 of an off- 
axis method beforehand. 

[0008] In the conventional stepper, when measuring such an amount of base lines, after measuring the 
amount of location gaps with the conjugate image of the reticle marks 60R and 61 R and reference marks 
60F and 61F, only the amount equal to the design value of the amount of base lines moved the wafer stage 
4, and was measuring the amount of location gaps with the reference mark to which it corresponds on the 
reference point 62 and reference mark plate 57 under the alignment microscope 34. The amount of base 
lines was calculated from those amounts of location gaps. 
[0009] 

[Problem(s) to be Solved by the Invention] Since the pattern has made it detailed in a semiconductor device 
etc. in recent years, heightening the resolution of projection optics is called for. Although there is technique, 
such as short-wavelength-izing of the wavelength of exposure light or increase of the numerical aperture of 
projection optics, among the technique for heightening resolution, if it is going to secure the exposure field 
of same extent as the conventional example even when using which technique, it will become difficult to 
maintain image formation engine performance (distortion, curvature of field, etc.) for a predetermined 
precision all over the exposure field. Then, the so-called projection aligner of a slit scan exposure method is 
improved now. 

[0010] In the projection aligner of this slit scan exposure method, the pattern of that reticle is exposed on a 
wafer, synchronizing relatively and scanning a reticle and a wafer to the shape of a rectangle, and the 
lighting field (henceforth a "slit-like lighting field") of circular **. Therefore, if the pattern of the same area 
as a stepper method is exposed on a wafer, by the slit scan exposure method, compared with a stepper 
method, the exposure field of projection optics can be made small, and the precision of the image formation 
engine performance in the exposure field may improve. 

[001 1] Although the mainstream of the magnitude of the conventional reticle was 6 inch size and the 
mainstream of the projection scale factor of projection optics was 1/5 time, the magnitude of the reticle in a 
basis 1/5 time the scale factor of this has stopped moreover, 6 inch size being of use with large area-ization 
of circuit patterns, such as a semiconductor device. Therefore, it is necessary to design the projection aligner 
which changed the projection scale factor of projection optics 1/4 time. And also in order to respond to large 
area-ization of such a transferred pattern, a slit scan exposure method is advantageous. 
[0012] In the projection aligner of this slit scan exposure method, when the technique of matching with the 
reticle system of coordinates and wafer system of coordinates which were used by the conventional stepper 
is applied, since the projection scale factor increased 1/4 time, there is un-arranging [ that alignment 
precision deteriorates according to the drawing error of the circuit pattern on a reticle ]. Furthermore, in 
Japanese Patent Application No. No. 169781 [ three to ], the technique which resembles measuring the 
amount of location gaps of two or more marks for measurement to coincidence, and measures the angle of 
rotation of a reticle more is proposed, without moving a wafer stage in a stepper. However, the concept of 
measurement of the angle of rotation by coincidence measurement of two or more of these marks for 
measurement could not be used for the scanning direction of the projection aligner of a slit scan exposure 
method, but there was un-arranging [ that the angle of rotation of reticle system of coordinates and wafer 
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system of coordinates and coordinate perpendicularity of these system of coordinates could not measure 
with a sufficient precision ] in it. 

[0013] Moreover, by having applied the measurement approach using one mark (two pieces) on the reticle 
in the conventional stepper to the projection aligner of a slit scan exposure method as it was, there is un- 
arranging [ of being greatly influenced of the drawing error of a reticle ] about the measurement approach of 
the amount of base lines which is spacing of the criteria location in the exposure field of projection optics, 
and the criteria location of the alignment system of an off-axis method. 

[0014] In view of this point, in the projection aligner of a slit scan exposure method, this invention reduces 
the effect of the drawing error of the pattern on a reticle (mask), and aims at offering the projection exposure 
approach that matching with reticle system of coordinates (mask system of coordinates) and wafer system of 
coordinates (substrate system of coordinates) can be performed correctly. Depending on [ accuracy / of the 
matching ] a process, quick nature may be thought as important about this. Then, this invention aims at 
offering the projection exposure approach of performing matching with reticle system of coordinates (mask 
system of coordinates) and wafer system of coordinates (substrate system of coordinates) by the high 
throughput. 

[0015] Furthermore, in the projection aligner of a slit scan exposure method, this invention reduces the 
effect of the drawing error of the pattern on a reticle (mask), and aims also at offering the projection 
exposure approach which can measure the amount of base lines which is spacing of the origin/datum of the 
exposure field of projection optics, and the origin/datum of the alignment system of an off-axis method with 
high precision. 

[0016] Moreover, whenever it exchanges the wafer of the number of predetermined leaves, when 
performing base-line measurement, for example, while greater importance may be attached than to 
correctness to quick nature, it is desirable to perform matching with reticle system of coordinates (mask 
system of coordinates) and wafer system of coordinates (substrate system of coordinates) to coincidence. 
Then, in case this invention measures the amount of base lines for every predetermined wafer turnover rate, 
it aims at offering the projection exposure approach of performing matching with reticle system of 
coordinates (mask system of coordinates) and wafer system of coordinates (substrate system of coordinates), 
and its base-line measurement by the high throughput. 
[0017] 

[Means for Solving the Problem] The 1st projection exposure approach by this invention illuminates the 
lighting field of a predetermined configuration by the illumination light. The pattern image on the mask in 
the lighting field of said predetermined configuration (12) is exposed to the substrate (5) on a stage (4) 
through projection optics (8). By scanning a mask (12) and a substrate (5) synchronously relatively to the 
lighting field of the predetermined configuration In the approach of exposing the pattern image of an area 
larger than the lighting field of the predetermined configuration on a mask (12) on a substrate (5) Two or 
more marks for measurement (29A-29D) are formed towards the relative scan on a mask (12). The reference 
mark member (6) by which two or more reference marks (35A-35D) were formed in the mark for 
measurement of these plurality and the location [ **** / almost ] is arranged on a stage (4). A mask (12) and 
a substrate (5) are moved synchronizing with the direction of the relative scan. Sequential measurement of 
the amount of location gaps with the reference mark (35A, 35B, ..) to which it corresponds on one mark for 
measurement in a mark (29A, 29B, ....) and stage (4) for measurement of the plurality on a mask (12) is 
carried out. It asks for the correspondence relation between the system of coordinates on a mask (12), and 
the system of coordinates on a stage (4) from each amount of location gaps of the mark for measurement of 
these plurality, and the reference mark of these plurality. 

[0018] Moreover, the 2nd projection exposure approach by this invention is set in the same premise section 
as above-mentioned invention. The alignment system (34) of the off-axis method for detecting the location 
of the mark for positioning on a substrate (5) near the projection optics (8) is arranged. Two or more marks 
for measurement (29A-29D) are formed towards the relative scan on a mask (12). The reference mark 
member (6) in which the 1st reference mark (35 A) and 2nd reference mark (37A) were formed at spacing 
corresponding to spacing of the reference point in the exposure field of projection optics (8) and the 
reference point of the alignment system (34) of an off-axis method is arranged on a stage (4). 
[0019] And where the 2nd reference mark (37 A) on a criteria member (6) is observed by the alignment 
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system (34) of an off-axis method Move a mask (12) towards said relative scan, and sequential 
measurement of the amount of location gaps with the 1st reference mark (35 A) on one mark for 
measurement in a mark (29A, 29B, ....) and stage (4) for measurement of the plurality on a mask (12) is 
carried out. From the amount of location gaps of the 2nd reference mark observed by the average of each 
amount of location gaps of the mark for measurement of these plurality, and these 1st reference marks, and 
the alignment system (34) of an off-axis method It asks for spacing of the reference point in the exposure 
field of projection optics (8), and the reference point of the alignment system (34) of an off-axis method. 
[0020] Moreover, the 3rd projection exposure approach of this invention is set to the 2nd projection 
exposure approach. While making two or more marks for measurement (29A-29D) on a mask (12) 
correspond on a reference mark member (6) and forming two or more (35A-35D) the 1st reference mark 
Two or more (37A-37D) the 2nd reference mark is formed [ from the 1st reference mark (35A-35D) of these 
plurality ] at spacing corresponding to spacing of the reference point in the exposure field of projection 
optics (8), and the reference point of the alignment system (34) of an off-axis method, respectively. A mask 
(12) and a stage (4) are moved synchronizing with the direction of the relative scan. While carrying out 
sequential measurement of the amount of location gaps with the 1st reference mark (35A, 35B, ..) to which 
it corresponds on one mark for measurement in a mark (29A, 29B, ....) and stage (4) for measurement of the 
plurality on a mask (12) The reference mark (3 7 A, 37B, ....) to which it corresponds of two or more 2nd 
reference marks by the alignment system (34) of an off-axis method is observed. From the average of the 
amount of location gaps of the 2nd reference mark of these plurality observed by the average of each 
amount of location gaps of the mark for measurement of these plurality, and the 1st reference mark of these 
plurality, and the alignment system (34) of an off-axis method It asks for spacing of the reference point in 
the exposure field of projection optics (8), and the reference point of the alignment system (34) of an off- 
axis method. 

[0021] Next, the 4th projection exposure approach of this invention is set in the same premise section as 
above-mentioned invention. Like the 1st above-mentioned projection exposure approach A mask (12) Two 
or more upper marks for measurement (29 A, 29B, --), and a corresponding reference mark The 1st process 
which calculates each amount of location gaps with (35A, 35B, --); The amount of location gaps of one 
mark for measurement predetermined [ of two or more marks for measurement on the mask ] (29A) and the 
reference mark (3 5 A) to which it corresponds on the stage is measured only once. The 2nd process which 
calculates the amount of location gaps of the mark for measurement (29A), and a reference mark (35A) in 
simple; One of the 1st process and its 2nd process is chosen. It has the 3rd process and; which ask for the 
correspondence relation between the system of coordinates on a mask (12), and the system of coordinates on 
a stage (4) based on each amount of location gaps of the mark for [ with which it asked at this selected 
process ] that measurement, and its reference mark. 

[0022] Moreover, the 5th projection exposure approach of this invention is set in the same premise section 
as above-mentioned invention. Like the 2nd above-mentioned projection exposure approach, where the 2nd 
reference mark (37A, 37B, --) on a reference mark member (6) is observed by the alignment system of an 
off-axis method A mask (12) is moved towards the relative scan. A mask (12) Two or more upper marks for 
measurement Where the 2nd reference mark (3 7 A) on a reference mark member (6) is observed by the 
alignment system of the 1st process and; off-axis method which carries out sequential measurement of the 
amount of location gaps of one mark for measurement in (29A, 29B, --), and the 1st reference mark (35 A, 
35B, — ) A mask ; (12) ~ the 2nd process which measures the amount of location gaps of one predetermined 
mark for measurement in two or more upper marks for measurement (29 A), and the 1st reference mark 
(3 5 A) in simple, and; — with the 3rd process which chooses one of these 1st processes and the 2nd process 
The amount of location gaps of the mark for [ which it is as a result of / in the process chosen at this 3rd 
process / measurement ] that measurement, and its reference mark, From the amount of location gaps of the 
2nd reference mark observed by the alignment system of the off-axis method, and the correspondence 
relation between the system of coordinates on the mask, and the system of coordinates on the stage, It has 
the 4th process and; which ask for spacing (the amount of base lines) of the origin/datum in the exposure 
field of the projection optics, and the origin/datum of the alignment system of the off-axis method. 
[0023] Moreover, the 6th projection exposure approach of this invention is set in the same premise section 
as above-mentioned invention. The alignment system (34) of the off-axis method for detecting the location 
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of the mark for positioning on a substrate (5) near the projection optics (8) is arranged. Two or more marks 
for measurement (29A, 29B, -) are formed towards the relative scan on a mask (12). The reference mark 
member (6) by which two or more reference marks were formed in the mark for measurement of these 
plurality and the location [****/ almost ] is arranged on a stage (4). Whenever the reference mark of these 
plurality consists of the 1st (A [ 35 ],B [ 35 ], -) and 2nd (A [ 37 ],B [ 37 ], --) reference marks formed at 
spacing corresponding to spacing of the reference point of the projection optics, and the reference point of 
the alignment system of the off-axis method and it number[ of predetermined leaves ]-exchanges substrates 
(5) Where the 2nd reference mark (37A) on a reference mark member (6) is observed by the alignment 
system of the off-axis method The amount of location gaps of one predetermined mark for measurement 
(29 A) in two or more marks for measurement on a mask (12) and the 1 st corresponding reference mark 
(3 5 A) is measured. From the measured amount of location gaps, and the amount of location gaps of the 2nd 
reference mark (3 7 A) observed by the alignment system of the off-axis method, thus, the correspondence 
relation between the system of coordinates on the mask, and the system of coordinates on the stage, It asks 
for spacing (the amount of base lines) of the origin/datum in the exposure field of the projection optics, and 
the origin/datum of the alignment system of the off-axis method. 
[0024] 

[Function] In the 1st projection exposure approach of this this invention, two or more marks for 
measurement are arranged on a mask (12), those marks for measurement and a reference mark [****/ 
almost ] are arranged on a reference mark member (6), and a location gap of each mark is measured with 
delivery by the stepping method in a mask (12) and a stage (4). And finally according to the location gap 
called for in each location, the effect of the drawing error of the mark for measurement on a mask (12) can 
be small suppressed by asking for the parameter (offset of a scale factor, the scaling of a scanning direction, 
rotation, the parallelism of a scanning direction, the direction of X, and the direction of Y) which matches 
mask system of coordinates and substrate system of coordinates by the least squares approximation etc. 
Moreover, since mark measurement of the direction of a relative scan is performed separately one by one, it 
turns into non-coincidence measurement, but since it measures by two or more places, it has the equalization 
effectiveness and the high precision measurement of it is attained. 

[0025] Moreover, according to the 2nd projection exposure approach, by equalizing the measurement result 
about two or more marks for measurement by the side of a mask (12), effect of the drawing error of the 
mark for measurement of a mask (12) is made small, and the amount of base lines which is spacing of the 
origin/datum of projection optics (8) and the origin/datum of an alignment system (34) can be measured 
correctly. Moreover, while according to the 3rd projection exposure approach making two or more marks 
for measurement (29A-29D) on a mask (12) correspond on a reference mark member (6) and forming two 
or more (35A-35D) the 1st reference mark Since two or more (37A-37D) the 2nd reference mark is formed 
[ from the 1st reference mark (35A-35D) of these plurality ] at spacing corresponding to spacing of the 
reference point in the exposure field of projection optics (8), and the reference point of the alignment system 
(34) of an off-axis method, respectively, Since equalization is performed also for a reference mark side, the 
amount of base lines is measured more by accuracy. 

[0026] Next, according to the 4th projection exposure approach of this invention, when the 2nd process is 
chosen, the amount of location gaps of the mark for measurement (29 A) and a reference mark (3 5 A) is 
measured only once, when a high throughput is required, and high degree of accuracy is required, the 
demand to quick nature can also be filled by performing the 1st process. In this case, in the 1st process, 
when it memorizes in quest of the amount of location gaps (this is called a "mark error") from the original 
location of the mark for measurement (29A) further beforehand and the 2nd process is performed, the 
demand of both high throughputs and high degree of accuracy can be met by amending that mark error. 
[0027] Similarly, when a high throughput is required according to the 5th projection exposure approach 
Where it chose the 2nd process and the 2nd reference mark (37A) is observed by the alignment system (34) 
When the amount of location gaps of one mark for measurement (29 A) and the 1st reference mark (3 5 A) is 
measured only once and high degree of accuracy is required, the demand to quick nature can also be filled 
by performing the 1st process. In this case, in the 1st process, when it memorizes in quest of the mark error 
further beforehand and the 2nd process is performed, the demand of both high throughputs and high degree 
of accuracy can be met by amending that mark error. 
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[0028] Moreover, whenever it number[ of predetermined leaves ]-exchanges substrates (5) according to the 
6th projection exposure approach (i.e., whenever it exposes to the substrate (5) of the number of 
predetermined leaves), where the 2nd reference mark (37A) is observed by the alignment system (34) of an 
off-axis method The amount of location gaps of one mark for measurement (29A) and the 1st reference 
mark (3 5 A) is measured only once, and the correspondence relation and the amount of base lines of the 
system of coordinates on a mask and the system of coordinates on a stage are calculated from this 
measurement result. Therefore, measurement is performed by the high throughput. 
[0029] 

[Example] Hereafter, with reference to a drawing, it explains per 1st example of the projection exposure 
approach by this invention. This example applies this invention, when exposing the pattern of a reticle on a 
wafer with the projection aligner of a slit scan exposure method. Drawing 1 shows the projection aligner of 
this example, the pattern on a reticle 12 is illuminated by the lighting field (henceforth a "slit-like lighting 
field") of the rectangle by the exposure light EL from the illumination-light study system by which the 
illustration abbreviation was carried out in this drawing 1 , and projection exposure of the image of that 
pattern is carried out on a wafer 5 through projection optics 8. In this case, synchronizing with a reticle 12 
being scanned with constant speed V forward to the space of drawing 1 , a wafer 5 is scanned backward to 
the space of drawing 1 to the lighting field of the shape of a slit of the exposure light EL by constant speed 
V7M (1/M is the contraction scale factor of projection optics 8). 

[0030] The reticle Y drive stage 10 which can be freely driven to Y shaft orientations (direction 
perpendicular to the space of drawing 1 ) on the reticle susceptor 9 is laid by explaining the drive system of 
a reticle 12 and a wafer 5, the reticle minute drive stage 1 1 is laid on this reticle Y drive stage 10, and the 
reticle 12 is held by the vacuum chuck etc. on the reticle minute drive stage 1 1 . As for the reticle minute 
drive stage 1 1 , only a minute amount performs position control of a reticle 12 to the direction of X parallel 
to space, the direction of Y, and hand of cut (the direction of theta) of drawing 1 with high precision in a 
field perpendicular to the optical axis of projection optics 8, respectively. It always acts as the monitor of the 
location of the direction of X of the reticle minute drive stage 1 1, the direction of Y, and the direction of 
theta with the interferometer 14 which the migration mirror 21 has been arranged on the reticle minute drive 
stage 1 1 , and has been arranged on the reticle susceptor 9. The positional information SI acquired by the 
interferometer 14 is supplied to main control system 22 A. 

[0031] On the other hand on the wafer susceptor 1, the wafer Y-axis drive stage 2 which can be freely 
driven to Y shaft orientations is laid, the wafer X-axis drive stage 3 which can be freely driven to X shaft 
orientations is laid on it, Ztheta shaft drive stage 4 is formed on it, and the wafer 5 is held by vacuum 
adsorption on this Ztheta shaft drive stage 4. The migration mirror 7 is fixed also on Ztheta shaft drive stage 
4, it acts as the monitor of the location of the direction of X of Ztheta shaft drive stage 4, the direction of Y, 
and the direction of theta with the interferometer 13 arranged outside, and the positional information 
acquired by the interferometer 13 is also supplied to main control system 22A. Main control system 22A 
controls actuation of the whole equipment while controlling positioning actuation of the wafer Y-axis drive 
stage 2, the wafer X-axis drive stage 3, and Ztheta shaft drive stage 4 through wafer driving gear 22B etc. 
[0032] Moreover, although mentioned later, in order to take correspondence of the wafer system of 
coordinates specified by the coordinate measured by the interferometer 13 by the side of a wafer, and the 
reticle system of coordinates specified by the coordinate measured by the interferometer 14 by the side of a 
reticle, the reference mark plate 6 is being fixed near the wafer 5 on Ztheta shaft drive stage 4. On this 
reference mark plate 6, various reference marks are formed like the after-mentioned. The reference mark 
currently illuminated from the background by the illumination light led to Ztheta shaft drive stage 4 side, 
i.e., a luminescent reference mark, is in these reference marks. 

[0033] The reticle alignment microscopes 19 and 20 for observing the reference mark on the reference mark 
plate 6 and the mark on a reticle 12 to coincidence are equipped above the reticle 12 of this example. In this 
case, if deviation Miller 15 and 16 for leading the detection light from a reticle 12 to the reticle alignment 
microscopes 19 and 20, respectively is stationed free [ migration ] and an exposure sequence is started, 
deviation Miller 15 and 16 will be evacuated by the Miller driving gears 17 and 18 under the command from 
main control system 22A, respectively. Furthermore, the alignment equipment 34 of the off-axis method for 
observing the alignment mark on a wafer 5 (wafer mark) to the lateral portion of the direction of Y of 
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projection optics 8 is arranged. 

[0034] Moreover, keyboard 22C for inputting the command from an operator is connected to main control 
system 22 A. There is quick mode for measuring the amount of base lines etc. in simple like the after- 
mentioned other than the mode which measures with high precision in the projection aligner of this 
example, and the mode which an operator performs to main control system 22A through keyboard 22C after 
this directs the high precision mode or quick mode. 

[0035] Next, in the projection aligner of this example, it explains with reference to the flow chart of drawin g 
2 per sequence after loading a wafer 5 and a reticle 12 until it ends alignment. In step 101 of drawing 2 , 
PURIARAIMENTO of a reticle 12 is first performed on appearance criteria on a reticle loader (after- 
mentioned). Drawing 3 shows the reticle loader system for conveying a reticle 12 on the reticle minute drive 
stage 1 1 of drawing 1 , and the reticle loader of this drawing 3 consists of two reticle arms 23A and 23B, an 
arm revolving shaft 25 connected with these reticle arms 23A and 23B, and a rolling mechanism 26 which 
rotates this arm revolving shaft 25. The slots 24 A and 24B for vacuum adsorption are formed in the reticle 
installation side of the reticle arms 23A and 23B, respectively, and the reticle arms 23A and 23B are 
supported so that it can rotate independently through the arm revolving shaft 25, respectively. 
[0036] At the time of loading of a reticle 12, a reticle 12 is received and passed on reticle arm 23 A from 
other reticle conveyance devices (un-illustrating) by location A3. In this case, reticle arm 23B of another 
side is used for taking out of the reticle used for example, at the last process. Next, after alignment of the 
reticle 12 is carried out to a fixed precision on appearance criteria on reticle arm 23 A by the reticle 
appearance PURIARAIMENTO device (un-illustrating) installed near location A3, vacuum adsorption of 
the reticle 12 is carried out on reticle arm 23 A by it. Next, in step 102 of drawing 2 , a rolling mechanism 26 
rotates reticle arm 23 A through the arm revolving shaft 25, and moves a reticle 12 to the location B3 of the 
direction (position in readiness of the reticle drive stage 10 of drawing 1 (delivery location)) of Y. 
[0037] At this time, slot 24 A for vacuum adsorption is the direction which intersected perpendicularly with 
the adsorption location on the reticle minute drive stage 1 1 , and it is in the condition which moved to the tip 
of the direction of y whose reticle minute drive stage 1 1 is a scanning direction since it was in the location 
besides the pattern space of a reticle 12, and reticle arm 23 A can take a reticle 12 now in and out of on the 
reticle minute drive stage 1 1 freely. If a reticle 12 reaches on the reticle minute drive stage 1 1 (refer to 
drawing 1 ), it will fall in - Z direction, a reticle 12 will be laid in the vacuum adsorption side on the reticle 
minute drive stage 11, and reticle arm 23 A will evacuate the arm revolving shaft 25 after the completion of 
delivery of a reticle 12. Then, the reticle minute drive stage 1 1 conveys a reticle 12 in the location C3 
direction, and goes to it. In this case, the reticle arms 23A and 23B are that drive independently, for 
example, each performs a reticle load and a reticle unload to coincidence, and the reticle rate of exchange is 
improving. 

[0038] Next, although alignment of a reticle 12 is performed at 103 or less step of drawing 2 , it explains per 
the device for it, and actuation. Drawing 4 (a) shows arrangement of the alignment mark on a reticle 12 
(reticle mark), and drawing 4 (b) shows the slit-like lighting ****** 32 grade within the effective exposure 
field of projection optics, and field 33R [ **** ] on a reticle. A direction perpendicular to the direction of y 
is made into x directions by making a scanning direction into the direction of y. In drawing 4 (a), the reticle 
mark which the protection-from-light section 3 1 is formed in the perimeter of the pattern space of the center 
section on a reticle 12, and is formed in the outside of this protection-from-light section 31 is divided into 
the fine alignment marks 29A-29D, and 30A-30D. [ the alignment marks 27 and 28 for a rough search, and ] 
The alignment mark 27 for a rough search by the side of the right-hand side is formed along the direction of 
y which is a scanning direction from a long straight-line-like pattern and the cross-joint pattern formed in 
the both ends of this straight-line-like pattern, and the alignment mark 28 for a rough search by the side of 
left part is constituted as symmetrically as the alignment mark 27 for a rough search by the side of the right- 
hand side. 

[0039] Moreover, between the protection-from-light section 31 by the side of the right-hand side, and one 
cross-joint pattern of the alignment mark 27 for a rough search, it approaches in the direction of y and the 
fine alignment marks 29 A and 29B are formed, between the protection-from-light section 3 1 by the side of 
the right-hand side, and the cross-joint pattern of another side of the alignment mark 27 for a rough search, 
it approaches in the direction of y and the fine alignment marks 29C and 29D are formed. The fine 
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alignment marks 30A-30D are symmetrically formed in the left part side with these fine alignment marks 
29A-29D. These fine alignment marks 29A-29D, and 30A-30D In drawing 4 (a), while arranging 2 sets of 
three straight-lines-like patterns at intervals of predetermined in the x directions as shown in drawing 4 (c) 
in fact, respectively although only shown as a cross-joint-like mark, 2 sets of three straight-lines-like 
patterns are arranged at intervals of predetermined in the direction of y. 

[0040] In step 103 of drawing 2 , the reticle alignment microscope (henceforth "RA microscope") 20 of 
drawing 1 detects the alignment mark 28 for a rough search by the side of the left part of drawin g 4 (a) first. 
In case drawing 4 (b) shows the observation fields 19R and 20R on the reticle 12 of the RA microscopes 19 
and 20 in this case and performs a rough search, the alignment marks 27 and 28 for a rough search are 
outsides [ fields / 19R and 20R / observation ], respectively, and it is the effective exposure field and outside 
field 33R [ **** ]. Although this needs to enlarge the alignment marks 27 and 28 for a rough search for a 
rough search, when the exposure field of projection optics is enlarged according to it, it is because it is 
necessary to enlarge the diameter of a projection lens and becomes a cost rise. Then, this example explains 
with reference to drawing 5 per procedure at the time of performing a rough search. 

[0041] it is drawing where drawing 5 (a) reduced the enlarged drawing near [ one ] the cross-joint pattern of 
the alignment mark 28 for a rough search, and drawing 5 (b) reduced drawing 5 (a), and the square of the 
RA microscope 20 is effective in this drawing 5 (a) and (b) ~ the design value of the sum of the drawing 
error of a pattern and installation error over the appearance of a reticle 12 is set to deltaR, using width of 
face of visual field 20Ref as W. Therefore, as shown in drawing 5 (b), one cross-joint pattern 28a of the 
alignment mark 28 for a rough search is surely contained in the field of the square of width-of-face deltaR. 
although the candidate for detection is the x-coordinate and y-coordinate of the cross-joint pattern 28a, the 
width of face W is aslant effective in the direction which crosses at 45 degrees to biaxial [ of the alignment 
mark 28 ] by this example, i.e., a x axis and the y-axis, ~ visual field 20Ref is scanned. And it asks for the 
x-coordinate and y-coordinate of the cross-joint pattern 28a as the x-coordinate and y-coordinate when 
crossing the alignment mark 28 on the occasion of the inclining scan. 

[0042] for that purpose, the width of face W is effective in the field of the square of the width-of-face deltaR 
as what expresses the integer part of the forward real number a with INT (a) - the number of search screens 
which is the minimum count scanned by visual field 20Ref is set to {iNT(deltaRAV)+l }. It asks for this 
number of search screens beforehand. And to the field of the square of the width-of-face deltaR centering on 
the first effective visual field B5, set up effective visual field A5 of the {INT(deltaRAV)+l } individual of 
width of face W, B5, C5, and .... aslant, respectively, and the reticle minute drive stage 1 1 of drawing 1 is 
driven. The image within each effective visual field is sampled carrying out stepping of each effective visual 
field, and setting up in effective visual field 20Ref of drawing 5 (a) one by one. 

[0043] As shown in drawing 5 (b), at least, cross-joint pattern 28a of the alignment mark 28 for a search 
exists all over the search range of width-of-face delta Rxdelta R, and the alignment mark 28 is fully large to 
the search range. Therefore, if the step feed of the effective visual field is carried out in the direction of slant 
to this alignment mark 28, it turns out with the minimum number of screens that the coordinate of cross- 
joint pattern 28a of the alignment mark 28 is detectable. The image processing at that time is good at the 
single dimension image processing to the picture signal which adds the scanning line of all Rhine in the 
picturized screen, and is acquired. 

[0044] The various picture signals which drawing 6 added the scanning line of all Rhine such, and were 
acquired are shown. The picture signal which meets in x directions and the direction of y in which drawin g 
6 (a) and (d) are obtained in effective visual field A5 of drawing 5 (b), The picture signal which meets in x 
directions and the direction of y in which drawing 6 (b) and (e) are obtained in effective visual field B5 of 
drawing 5 (b), drawing 6 (c), and (f) are picture signals which meet in x directions and the direction of y 
which are acquired with the effective visual field C5 of drawing 5 (b). The x-coordinate of cross-joint 
pattern 28a is called for from the picture signal of drawing 6 (b), and the y-coordinate of cross-joint pattern 
28a is called for from the picture signal of drawing 6 (f). 

[0045] Thus, after detecting the reticle mark 28 for a search, in step 104 of drawing 2 , the alignment mark 
27 for a rough search is moved to the observation field of the RA microscope 19, and the location of that 
alignment mark 27 is detected similarly shortly. However, the part which does not have the pattern of the 
reference mark plate 6 of drawin g 1 in this case is moved into the exposure field of projection optics 8, and 
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the part without that pattern is illuminated from the pars basilaris ossis occipitalis. Thus, by the illumination 
light injected from the reference mark plate 6, the alignment marks 27 and 28 for these rough searches are 
illuminated from a rear-face side. 

[0046] By the above sequence, the location of the alignment marks 27 and 28 for a rough search to the 
observation fields 19R and 20R of the RA microscopes 19 and 20 of drawing 4 (b) and correspondence of 
reticle system of coordinates can be attached roughly. Moreover, rough matching with the observation fields 
19R and 20R of RA microscope and wafer system of coordinates can be performed by measuring the 
reference mark on the reference mark plate 6 of drawing 1 under the RA microscopes 19 and 20. Thereby, 
the rough alignment (rough alignment) which is extent with which the fine alignment marks 29A-29D and 
30A-30D, and the reference mark on the reference mark plate 6 (after-mentioned) do not lap is completed. 
[0047] However, in this example, in order to make small the diameter of a lens of projection optics 8, the 
alignment mark on a reticle 12 is divided into the alignment mark for a rough search, and the fine alignment 
mark, but when the diameter of a lens of projection optics 8 may be enlarged, the alignment mark for these 
rough searches and a fine alignment mark can be carried out to a common mark. Even in this case, as shown 
in drawing 5 , the technique of carrying out a step feed in the direction of slant, and searching an alignment 
mark can be diverted, and can also search an alignment mark to coincidence under the RA microscopes 19 
and 20. 

[0048] Next, although the sequence of fine alignment is explained, it explains per detailed configuration of a 
wafer stage and a reticle stage before that. Drawin g 7 (a) is the top view of a wafer stage, and the wafer 5 
and the reference mark plate 6 are arranged on Ztheta shaft drive stage 4 in this drawin g 7 (a). Moreover, on 
Ztheta shaft drive stage 4, migration mirror 7X for the X-axes and migration mirror 7Y for Y-axes are fixed, 
lighting field 32W of the shape of a slit corresponding to the lighting field 32 of the shape of a slit of 
drawing 4 (b) are illuminated with exposure light on a wafer 5, and the observation fields 1 9W and 20W are 
the observation fields 19R and 20R of drawing 4 (b), and conjugation, respectively. 
[0049] It is parallel to the X-axis, and the laser beam LWX and LWof of spacing IL are irradiated by 
migration mirror 7X in accordance with the optical path which passes along the optical axis of projection 
optics, and the origin/datum of alignment equipment 34, respectively, and two laser beams LWY1 and 
LWY2 of spacing IL are irradiated in accordance with the optical path parallel to a Y-axis at migration 
mirror 7Y. Coordinate value Yl which the coordinate value measured as X coordinate of Ztheta shaft drive 
stage 4 with the interferometer which uses a laser beam LWX was used at the time of exposure, and was 
measured with the interferometer using laser beams LWY1 and LWY2 as Y coordinate, respectively And 
Y2 The average (Yl+Y2)/2 are used. Moreover, coordinate value Yl Y2 The rotation of the hand of cut (the 
direction of theta) of Ztheta shaft drive stage 4 is measured from difference. Based on those coordinates, the 
location and angle of rotation of XY flat surface of Ztheta shaft drive stage 4 are controlled. 
[0050] Especially the direction of Y that is a scanning direction is using the average of the measurement 
result of two interferometers, and is easing the error by the air fluctuation at the time of a scan etc. according 
to the equalization effectiveness. Moreover, the location of X shaft orientations in the case of using the 
alignment equipment 34 of an off-axis method is a configuration controlled based on the measurement value 
of the exclusive interferometer which uses a laser beam LWof like which the so-called Abbe error does not 
produce. 

[0051] Drawin g 7 (b) is the top view of a reticle stage, in this drawing 7 (b), the reticle minute drive stage 
1 1 is laid on the reticle Y drive stage 10, and the reticle 12 is held on it. Moreover, two migration mirrors 
21yl for migration mirror 21x and the y-axes for x axes and 21y2 are fixed to the reticle minute drive stage 
1 1 , a laser beam LRx is irradiated in parallel with a x axis by migration mirror 21x, and laser beams LRyl 
and LRy2 are irradiated in parallel with the y-axis by the migration mirror 21yl and 21y2, respectively. 
[0052] The coordinate of the direction of y of the reticle minute drive stage 1 1 is the coordinate value yl 
measured with two interferometers which use laser beams LRyl and LRy2 like a wafer stage. And y2 The 
average (yl+y2)/2 are used. Moreover, the coordinate value measured with the interferometer with which a 
laser beam LRx is used for the coordinate of x directions is used. Moreover, coordinate value yl y2 The 
rotation of the hand of cut (the direction of theta) of the reticle minute drive stage 1 1 is measured from 
difference. 

[0053] In this case, the reflective element of a corner cube mold is used as the migration mirror 21 yl of the 
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direction of y which is a scanning direction, and 21y2, and the migration mirror 21yl and the laser beams 
LRyl and LRy2 reflected by 21y2 are reflected and returned by reflective Miller 39 and 38, respectively. 
That is, the interferometer for the reticles is a double pass interferometer, and has composition which a 
location gap of a laser beam does not produce by rotation of the reticle minute drive stage 1 1 by this. 
Moreover, the slit-like lighting field 32 and the observation fields 19R and 20R of the RA microscopes 19 
and 20 are arranged on the reticle 12 like the wafer stage top. And Ztheta shaft drive stage 4 of a reticle 12 
and drawing 7 (a) can be observed now only from the observation fields 19R and 20R. Thus, although it is 
the translation which measures the relation between a reticle 12 and Ztheta shaft drive stage 4, and raises the 
alignment precision at the time of exposure, and the rotation precision of a reticle 12 and a wafer 5, with 
reference to drawing 8 and drawing 9 , it explains per that approach. 

[0054] Reticle image 12W which drawin g 8 (a) projects the reticle 12 of drawin g 4 (a) on the reference 
mark plate 6 of drawing 7 (a), and are obtained are shown, and mark image 29AW-29DW [****] and mark 
image 30AW-30DW [ **** / the fine alignment marks 30A-30D ] are shown in the fine alignment marks 
29A-29D of drawing 4 (a) in this drawing 8 (a), each -- mark image 29AW-29DW and 30AW-30DW are 
configurations which have arranged the three straight-lines-like pattern to four sides, as shown in drawin g 8 
(b), respectively. 

[0055] Drawing 8 (c) shows arrangement of the reference mark on the reference mark plate 6, and reference 
marks 35A-35D, and 36A-36D are formed on the reference mark plate 6 of this drawin g 8 (c), respectively 
by the almost same arrangement as mark image 29AW-29DW of drawin g 8 (a), and 30AW-30DW. These 
reference marks are illuminated by the illumination light of the same wavelength as exposure light from the 
rear face of the reference mark plate 6. Moreover, reference mark 37 A is formed in the location which 
separated only spacing IL from the middle point of reference marks 35A and 36A on the reference mark 
plate 6 in the direction of Y which is a scanning direction. Spacing IL is equal to the amount of base lines 
which is spacing of the origin/datum of projection optics 8 and the origin/datum of the alignment equipment 
34 of an off-axis method in drawin g 1 . Similarly, reference marks 37B, 37C, and 37D are formed in the 
location where only spacing IL separated from the middle point of reference marks 35B and 36B, the middle 
point of reference marks 35C and 36C, and the middle point of reference marks 35D and 36D in the 
direction of Y, respectively. 

[0056] Consisting of [ and ] straight-line-like patterns of seven line x7 train, as reference marks 35A-35D, 
and 36A-36D are shown in drawing 8 (d), respectively, these reference marks 35A-35D, and 36A-36D are 
magnitude settled in the interior of mark image 29AW-30DW of drawing 8 (b). Moreover, reference marks 
37A-37D use the lattice point when it corresponds of the grid patterns formed in the direction of X, and the 
direction of Y in the predetermined pitch, as shown in drawing 8 (e). 

[0057] In this case, first, from the result obtained by measurement of steps 103 and 104 in step 105 of 
drawin g 2 , the relative physical relationship and the relative angle of rotation of a reticle 12 and the RA 
microscopes 19 and 20 are computed, and the fine alignment marks 29 A and 30A of drawing 4 (a) are 
moved into observation field 19R of the RA microscopes 19 and 20, and 20R, respectively. Then, in step 
106, the reference marks 35A and 36A on the reference mark plate 6 of drawin g 8 (c) are moved to the 
observation fields 19R and 20R and the observation fields [****] 19W and 20W (refer to drawin g 9 ), 
respectively. Thereby, as shown in drawing 9 (a), mark image 29 AW and reference mark 35 A can observe 
to coincidence within observation field 19W, and mark image 30 AW and reference mark 36 A can observe 
to coincidence within observation field 20W. Then, in step 107 of drawing 2 , the detecting signal of the 
reference mark image which corresponds also with the alignment equipment 34 of an off-axis method is 
sampled at the same time it changes into an image pick-up signal the image observed under the RA 
microscopes 19 and 20 and samples it. 

[0058] In drawing 9 (a), reticle image 12W which are the projection image of a reticle 12 are projected on 
the reference mark plate 6. Moreover, as shown in drawing 9 (c), the observation fields 19W and 20W are 
located in the location which crosses the optical axis in the exposure field of projection optics 8, 
respectively, and reference mark 37A is settled in the observation field of the alignment equipment 34 of an 
off-axis method. And if the reticle minute drive stage 1 1 of drawing 7 (b) moves to the bottom (the direction 
of -y) like the time of slit scan exposure synchronizing with Ztheta shaft drive stage 4 of drawing 7 (a) 
moving to the bottom (the direction of Y), as shown in drawing 9 (b) from the 9th (a), the reference mark 
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plate 6 and reticle image 12W will move in the direction of Y together. Since the observation fields 19W 
and 20W of the RA microscopes 19 and 20 and the alignment equipment 34 of an off-axis method are being 
fixed at this time the mark group (a mark image - 30 AW 29 AW) by which the bottom of the observation 
fields 19W and 20W and alignment equipment 34 was given to Sign A Even the mark group (mark image 
29DW, 30DW, reference marks 35D, 36D, and 37D) to which Sign D was given from reference marks 35A, 
3 6 A, and 37 A moves and goes. 

[0059] First, in the 1st static position of drawing 9 after alignment initiation (a), mark image 29AW and 
reference mark 35A are under observation field 19W, there are mark image 30AW and reference mark 36A 
in the bottom which is observation field 20W, reference mark 37A is under the alignment equipment 34 of 
an off-axis method, and the mark to which these signs A were given is altogether observed by coincidence. 
After measurement in the 1st static position is completed, reticle image 12W and the reference mark plate 6 
are synchronously moved to the 2nd static position by stepping actuation. The mark groups which the mark 
group which existed in the 1st static position under the observation fields 19W and 20W and alignment 
equipment 34 is a mark group to which Sign A was given, and exist in the 2nd static position under the 
observation fields 19W and 20W and alignment equipment 34 are mark groups (mark image 29BP of 
drawing 8 , reference marks 35B and 37B, etc.) to which Sign B was given. 

[0060] By repeating the above sequences with the 3rd static position and the 4th static position (condition of 
drawing 9 (b)), the reference mark on reticle image 12 the mark image of W and the reference mark plate 6 
It will be measured in order of the mark group to which Sign A was given, the mark group to which Sign B 
was given, the mark group to which Sign C was given, and the mark group to which Sign D was given by 
the RA microscopes 19 and 20 and the alignment equipment 34 of an off-axis method, respectively. This 
actuation is actuation of steps 105-1 10 of drawing 2. Thus, in order to express the measurement result 
searched for intelligibly, a measurement result is shown in drawing 10 . 

[0061] In drawing 10 , the vector of the alignment error to mark image 29BW-29DW is similarly made into 
BL-DL from reference marks 35B-35D, respectively by setting to AL the vector of the alignment error from 
reference mark 35 A which amends the measurement result obtained under the RA microscope 19 like the 
after-mentioned, and is called for to mark image 29 AW. Similarly, the vector of the alignment error to mark 
image 30BW-30DW is made into BR-DR from reference marks 36B-36D, respectively by setting the vector 
of the alignment error from reference mark 36A to mark image 30AW to AR. Moreover, the error vector 
from the reference marks 37A-37D which amend the measurement result obtained with the alignment 
equipment 34 of an off-axis method like the after-mentioned, and are called for to the origin/datum of the 
alignment equipment 34 is made into AO-DO, respectively. 

[0062] And the coordinate value of x directions measured with the interferometer 14 by the side of the 
reticle of drawing 1 when obtaining the error vector AL, AR-DL, and DR, The coordinate value obtained 
using the laser beam LRx of drawin g 7 (b), respectively Namely, ReAx-ReDx, The coordinate value of the 
direction of y measured with the interferometer 14 by the side of the reticle of drawing 1 when obtaining the 
error vector AL, AR-DL, and DR, i.e., the coordinate value obtained using the laser beams LRyl and LRy2 
of drawing 7 (b), is carried out to ReAyl-ReDyl, and ReAy2-ReAy2, respectively. Moreover, the 
coordinate value of the direction of X measured with the interferometer 13 by the side of the wafer of 
drawing 1 when obtaining the error vector AL, AR-DL, and DR, The coordinate value obtained using the 
laser beam LWX of drawing 7 (a), respectively Namely, WaAX-WaDX, The coordinate value of the 
direction of Y measured with the interferometer 13 by the side of the wafer of drawing 1 when obtaining the 
error vector AL, AR-DL, and DR, i.e., the coordinate value obtained using the laser beams LWY1 and 
LWY2 of drawing 7 (a), is carried out to WaAYl-WaDYl, and WaAY2-WaDY2, respectively. 
[0063] Moreover, the coordinate value of the direction of X acquired with the interferometer only for 
alignment equipment of the off-axis method when obtaining error vector AO-DO, i.e., the coordinate value 
obtained using the laser beam LWOF of drawing 7 (a), is made into WaAOX-WaDOX, respectively. In this 
case, as shown in drawing 7 (a), spacing of the direction of X of the laser beams LWY1 and LWY2 by the 
side of a wafer is IL, and spacing by the side of the wafer of the laser beams LRyl and LRy2 by the side of 
a reticle is RL. 

[0064] Next, in order [, such as the error vector AL of drawing 10 ] to explain per [ for which it asks ] way, 
the configuration of the RA microscope 19 of drawin g 1 is explained to a detail. Drawing 1 1 shows the RA 
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microscope 19 and this illumination system, and the illumination light EL of the same wavelength as 
exposure light is led to the interior of Ztheta shaft drive stage 4 through the optical fiber 44 in this drawing 
11 from the exterior of Ztheta shaft drive stage 4. Exposure light may be relayed by the lens system instead 
of an optical fiber 44. The illumination light drawn such illuminates the reference marks 35A-35D on the 
reference mark plate 6 through lens 45 A, beam-splitter 45B, and lens 45C, and the illumination light which 
penetrated beam-splitter 45B is illuminating the reference marks 36A-36D on the reference mark plate 6 
through lens 45D and lens 45E, Miller 45F, and lens 45G. 

[0065] For example, the light which penetrated reference mark 35 A carries out image formation of the 
image of the reference mark 35 A on the fine alignment mark 29 on a reticle 12 through projection optics 8. 
The light from the image and the alignment mark 29 of the reference mark 35 A reaches a half mirror 42 
through deviation Miller 1 5, lens 40A, and lens 40B, and the light carried out 2 ****s by the half mirror 42 
carries out incidence to image sensor 43X for the X-axes which consists of two-dimensional CCD, 
respectively, and the image pick-up side of image sensor 43Y for Y-axes. The image of fine alignment mark 
29A as shown in drawing 12 (a), respectively, and reference mark 35 image 35AR is projected on the image 
pick-up side of these image sensors 43X and 43 Y. In this case, image pick-up screen 43Xa of image sensor 
43X for the X-axes is a field parallel to the direction of X on a wafer stage, and the direction of a horizontal 
scanning line is the direction of X, and image pick-up screen 43 Ya of image sensor 43 Y for Y-axes is a field 
parallel to the direction of Y on a wafer stage, and the direction of a horizontal scanning line is also the 
direction of Y. 

[0066] Therefore, the amount of location gaps of the direction of X of reference mark 35 A and alignment 
mark 29A is calculated from the averaging of image pick-up signal S4X of image sensor 43X, and the 
amount of location gaps of the direction of Y of reference mark 35 A and alignment mark 29 A is calculated 
from the averaging of image pick-up signal S4Y of image sensor 43 Y. These image pick-up signal S4X and 
S4Y is supplied to the signal processor 41 . 

[0067] If the mark group to which Sign A was given is explained more to a detail taking the case of the case 
where alignment is being carried out, under the RA microscope 19, alignment mark 29A and reference mark 
image 35AR which are shown in drawing 12 (a) will be observed to coincidence. In this drawing 12 (a), 
picture signal S4X in image pick-up screen 43Xa surrounded with the broken line and 43 Ya(s) and S4Y are 
detected by analog-to-digital conversion as a digital signal within a signal processor 41. Averaging of the 
image data on each scanning line is independently carried out by the X-axis and the Y-axis within a signal 
processor 41 , and picture signal S4X' for the X-axes and picture signal S4Y' for Y-axes by which averaging 
was carried out come to be shown in drawing 12 (b) and (c), respectively. These image data is processed as 
a 1 -dimensional image processing signal, respectively. 

[0068] thus - if data processing of the acquired signal is carried out with a signal processor 41 - relative 
location gap AL'X of the direction of X with reference mark 35 A of the mark image 29 AW and the 
reference mark plate 6 of the reticle 12 of drawing 10 , and the direction of Y And ALT It asks. And it is 
relative location gap AR'X of the direction of X of mark image 30 AW and reference mark 36A, and the 
direction of Y by the RA microscope 20 of drawing 1 . And ART It asks. Similarly, the relative location 
gap with mark image 29BW-29DW and the reference marks 35B-35D of drawing 10 and the relative 
location gap with mark image 30BW-30DW and reference marks 36B-36D are called for. 
[0069] However, the picture signal corresponding to alignment mark 29A of drawing 12 (b) and the picture 
signal corresponding to reference mark image 35AR are having the location controlled, for example by the 
interferometer by the side of a reticle, and the interferometer by the side of a wafer, respectively. Therefore, 
the measurement coordinate ReAx of the interferometer by the side of the reticle at the time of measuring 
the mark group (29AW(s) of drawing 10 , 35 A, 30AW, 36A) to which Sign A was given, and ReAyl and 
ReAy2, [ for example, ] deltaWaAX, and delta WaAYl and delta WaAY2 arise to the measurement 
coordinate WaAX of the interferometer by the side of a wafer, and WaAYl and WaAY2. [ deltaReAx 
which is a measurement error (= actual measurement-set point) resulting from the following error of each 
stage, delta ReAyl and delta ReAy2, and ] Relative location gap AL'X asked for this measurement error for 
the point by the operation, and ALY It is contained. 

[0070] then, the result of having deducted those errors from the relative location gap obtained by 
measurement like a degree type ~ the X component ALX and the Y component ALY of Vector AL of 
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drawing 10 It becomes. [ of an alignment error ] however, a degree type - setting (1/M) -- it is the 
contraction scale factor of projection optics 8, and IL and RL are spacing explained by drawing 7 , 
respectively. 
[0071] 

[Equation 1] ALX=AL'X-delta ReAx/M-delta WaAX [0072] 

[Equation 2] ALY=AL'Y-delta ReAyl/M-{(deltaWaAYl+deltaWaAY2)/2- (deltaWaAY2-deltaWaAYl) 
and RL/IL} 

[0073] Similarly, it is the X component ARX of the vector AR of the alignment error of drawing 10 . And Y 

component ARY It asks from a degree type. 

[0074] 

[Equation 3] ARX=AR'X-delta ReAx/M-delta WaAX [0075] 

[Equation 4] ARY-ARY-delta ReAy2/M-{(deltaWaAYl+deltaWaAY2)/2-(deltaWaAY2-deltaWaAYl) 
xRL/IL} 

[0076] Next, although error vector AO-DO of drawing 10 which amends the result obtained by the 
alignment equipment 34 of an off-axis method, and is obtained is explained therefore, with reference to 
drawing 13 , it explains per configuration of the alignment equipment 34. 

[0077] Drawing 13 shows the configuration of that alignment equipment 34, and sets it to this drawing 13 . 
The light from the reference mark on the reference mark plate 6 Deviate in the deviation Miller section 46, 
carry out incidence to the half prism 47, and the light reflected by the half prism 47 tends toward the 
alignment optical system (henceforth "FIA optical system") 48 of the image-processing method using the 
white light. The light which penetrated the half mirror carries out incidence to the alignment optical system 
(henceforth "LIA optical system") 52 for a heterodyne beam to detect the diffracted light from a grid mark. 
[0078] First, if it explains from the FIA optical-system 48 side, after the illumination light from the source 
49 of the illumination light passes through the FIA optical system 48, it will be deflected by the half prism 
47 and deviation Miller 46, and will illuminate the reference mark on the reference mark plate 6. The light 
which followed the same optical path and passed return and the FIA optical system 48 to the FIA optical 
system 48 carries out incidence of the return light to half prism 50A. Image formation of the reference mark 
image on the reference mark plate 6 is carried out on the image pick-up side of image sensor 5 IX for the X- 
axes which the flux of light which penetrated half prism 50A becomes from two-dimensional CCD. Image 
formation of the reference mark image on the reference mark plate 6 is carried out on the image pick-up side 
of image sensor 51 Y for Y-axes which the flux of light reflected by half prism 50A becomes from two- 
dimensional CCD. 

[0079] On the image pick-up side of each image sensor 5 IX and 51 Y, image formation of the image as 
shown in drawing 14 (a) is carried out. The reference mark on the reference mark plate 6 is the lattice point 
of a grid-like pattern, and image 37P of the pattern of the shape of the grid are projected on drawing 14 (a). 
If width of face of P and a dark line is set to L for the grid pitch on the image 37 reference mark plate 6 of P 
of the pattern of the shape of the grid, width of face L is set up quite smaller than the grid pitch P. Moreover, 
image formation of the reference mark (index mark) image 48X1 for the directions of X illuminated by the 
illumination light other than the illumination light of the reference mark plate 6, 48X2 and the index mark 
image 48 Yl for the directions of Y, and 48 Y2 is carried out to the image pick-up side. The location of the 
reference mark on the reference mark plate 6 is detectable on the basis of the location of these index mark 
image. 

[0080] Specifically, image pick-up field 51Xa of a direction [****/ as the direction of X / in drawing 14 
(a) ] and image pick-up field 51Ya of the direction of Y and a direction [****] are picturized with the 
image sensors 5 IX and 51 Y of drawing 13 , respectively. The directions of the horizontal scanning line of 
image sensors 5 IX and 51 Y are the direction of X and the direction of Y, and a direction [ **** ], 
respectively, and each image pick-up signal S5X of image sensors 51X and 51Y and S5Y are supplied to the 
signal processor 56 of drawing 13 . In a signal processor 56, averaging of image pick-up signal S5X and the 
S5Y is carried out, respectively, picture signal S5X' of drawing 14 (b) and picture signal S5Y of drawing 14 
(c) are obtained, and it asks for the location gap of a reference mark made into the object on the reference 
mark plate 6 from these picture signals. The still more detailed configuration is indicated by Japanese Patent 
Application No. No. 16589 [ four to ]. 
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[0081] When the reference mark made applicable to detection is reference mark 37A of drawing 1 0 , a 
relative location gap of the direction of X over the reference mark of reference mark 37 A obtained by the 
image processing of drawin g 14 (a) and the direction of Y is made into AO'fX and AO'fY, respectively. For 
the location of the reference mark plate 6 at this time, the value which lengthened the following error and 
rotational error of Ztheta shaft drive stage 4 of drawing 7 (a) from that measurement result since it was 
managed by wafer system of coordinates is the X component AOX of the error vector AO of drawing 10 . 
And Y component AOY It becomes. However, X component AOX corresponding to the FIA optical system 
48 of drawing 13 And Y component AOY It is referred to as AOfX and AOfY, respectively. That is, a 
degree type is obtained. 
[0082] 

[Equation 5] AOfX=AO'fX - (WaAOX-WaAX) 

[0083] 

[Equation 6] 

AOfY= AO'fY- (WaAYl+WaAY2)/2 [0084] On the other hand, by the alignment system including the LI A 
optical system 52 of drawing 13 , after the laser beam from a laser light source 53 penetrates the LIA optical 
system 52 and the half prism 47, it is deflected by deviation Miller 45 and carries out incidence to the 
reference mark of the shape of a diffraction grating on the reference mark plate 6. Two ****s of the 
diffracted lights which the diffracted light from the reference mark followed the same optical path, and 
passed return and the LIA optical system 52 to the LIA optical system 52 are carried out by half prism 50B, 
and they carry out incidence to photo detector 55Y photo detector 55X for the directions of X, and for the 
directions of Y. 

[0085] In this case, 2 ****s of the laser beams from a laser light source 53 are carried out within the LIA 
optical system 52, and the delta frequency of deltaf is given to the frequency of these two laser beams by the 
internal frequency shifter. The interference light of these two laser beams is received by the photo detector 
54, and the reference sign S6 of frequency deltaf is outputted from the photo detector. Moreover, by the 
suitable incident angle with the laser beam (heterodyne beam) from which these two frequencies differ, the 
reference mark of the shape of a diffraction grating on the reference mark plate 6 irradiates, and the primary 
[ **] diffracted light of these [ by the reference mark ] two laser beams returns perpendicularly to the 
reference mark plate 6 in parallel. Although, as for the interference light of the primary [ **] light, optical 
reinforcement changes by frequency deltaf, a phase changes according to the X coordinate and Y coordinate 
of a reference mark. And from photo detector 55X, beat signal S7X of frequency deltaf from which the 
phase is changing according to the X coordinate of a reference mark is outputted, beat signal S7Y of 
frequency deltaf from which the phase is changing according to the Y coordinate of a reference mark is 
outputted from photo detector 55Y, and a reference sign S6 and beat signal S7X, and S7Y are supplied to 
the signal processor 56. 

[0086] If the reference mark for detection is set to reference mark 37A of drawing 10 , the signal processor 
56 of drawing 13 is the phase contrast deltaphiX of a reference sign S6 and beat signal S7X, as shown in 
drawing 14 (d). As location gap AO'LX of the direction of X of reference mark 37A is calculated and it is 
shown in drawing 14 (e), it is the phase contrast deltaphiY of a reference sign S6 and beat signal S7X. 
Location gap AO'LX of the direction of Y of reference mark 37A is calculated. The value which lengthened 
the following error and rotational error of Ztheta shaft drive stage 4 of drawing 7 (a) from this measurement 
result is the X component AOX of the error vector AO of drawing 10 . And Y component AOY It becomes. 
However, X component AOX corresponding to the LIA optical system 52 of drawing 13 And Y component 
AOY It is referred to as AOLX and AOLY, respectively. That is, a degree type is obtained. 
[0087] 

[Equation 7] AOLX=AO'LX - (WaAOX-WaAX) 

[0088] 

[Equation 8] 

AOLY=AO'LY- (WaAYl+WaAY2)/2 [0089] If alignment is performed in the location of a mark group 
where the sign A of drawing 10 was attached as mentioned above, eight data, ALX, ALY, ARX, ARY, 
AOfX, AOfY, AOLX, and AOLY, will be measured. By performing measurement to the mark group to 
which the mark group to which Sign A was given by such sequence - Sign D were given, 32 data (= 8x4) 
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are called for. Among these 32 data, the data obtained under the RA microscopes 19 and 20 are memorized 
as observation data Dxn and Dyn, and the data obtained by the alignment equipment 34 of an off-axis 
method are memorized as observation data Axn and Ayn. Then, actuation shifts to step 1 1 1 of drawing 2 . 
[0090] In step 1 1 1 of drawin g 2 , when the coordinate of the x directions and the direction of y of the system 
of coordinates which enabled it to actually change reticle system of coordinates and wafer system of 
coordinates only with a linearity error is set to Fxn and Fyn to the observation data Dxn and Dyn 
corresponding to the RA microscopes 19 and 20, these relation is as follows. 
[0091] 
[Equation 9] 

[FxhI fRx -Rx«(w+0)1[D xnl [Ox] 
[Fyn J [Ry9 R y j|D y „J + [OyJ 

[0092] Moreover, a degree type will be materialized if the nonlinear error of x directions and the direction 

of y is set to epsilonxn and epsilonyn. 

[0093] 

[Equation 10] 

[£yn] = [F y „]"[D yn ] 

J 1 -Rx -Rx'(w+0) ] [Dznl [Ox] 
[ Ry 6 1-Ry j [DynJ + [OyJ 

[0094] And the value of six parameters Rx, Ry, theta, omega, Ox, and Oy of (several 9) is computed using 
the least squares approximation so that these nonlinear errors (epsilonxn, epsilonyn) may serve as min. The 
scaling parameter Rx of x directions shows the scale- factor error of the x directions of a reticle 12 and the 
reference mark plate 6, and the scaling parameter Ry shows the scaling error of the scanning direction (the 
direction of y) of reticle system of coordinates and wafer system of coordinates here. Moreover, in the 
include-angle parameter theta, a reticle 12, the reference mark plate 6, and a rotational error and the include- 
angle parameter omega show the parallelism of the scanning direction of reticle system of coordinates and 
wafer system of coordinates, and offset parameters Ox and Oy show the offset value of the x directions of 
both, and the direction of y, respectively. 

[0095] Next, the amount of base lines is calculated in steps 112 and 113 of drawing 2 . In this case, the 
offset at the time of the amount measurement of base lines serves as (<Ax>-Ox, <Ay>-Oy) by setting to 
<Ax> and <Ay> the average value of the data Axn and Ayn measured with the alignment equipment 34 of 
an off-axis method, respectively. Therefore, at the time of alignment, in switching control to the 
interferometer (it is also hereafter called "the interferometer LWOF only for off-axes") using a laser beam 
LWOF from the interferometer (it is also hereafter called "the interferometer LWX for exposure") which 
uses the laser beam LWX of drawing 7 (a) and using the FIA optical system 48 of drawing 13 , it sets the 
average of the measured data Axn and Ayn to <Afx> and <Afy>, respectively. And what is necessary is to 
give offset of offset (<Afx>-Ox, <Afy>-Oy) to the measurement value of the interferometer corresponding 
to the laser beams LWY1 and LWY2 of drawing 7 (a), and LWOF, and just to perform alignment 
processing. On the other hand, in using the LIA optical system 52 of drawing 13 , it sets the average of the 
measured data Axn and Ayn to <ALx> and <ALy>, respectively. And what is necessary is just to give offset 
of (<ALx>-Ox, <ALy>-Oy) to the measurement value of an interferometer. 

[0096] In addition, the above amendment method means setting up the standard coordinates of stage system 
of coordinates based on the reference mark on the reference mark plate 6. In this case, in other words, the 
shaft which passes along the reference marks 37A-37D on the reference mark plate 6, for example turns into 
a reference axis, and the reading value (yawing value) of the interferometer LWOF only for off-axes on this 
reference axis at the time of setting the reading value of the interferometer LWX for exposure to 0 on this 
reference axis is calculated. And at the time of exposure, alignment of a wafer 5 is carried out for the result 
of having amended that yawing value to the reading value of the interferometer LWX for exposure, and the 
actual reading value of the interferometer LWOF only for off-axes as "an interferometer value for delivery" 
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based on the interferometer value for this delivery, respectively. 

[0097] On the other hand, for example in drawing 7 (a), the approach of setting the reference axis of stage 
system of coordinates to migration mirror 7X for the X-axes may be used. In this case, the measurement 
value itself is used, without resetting the reading value of the interferometer LWX for exposure, and the 
reading value of the interferometer LWOF only for off-axes to coincidence (0), delivering in the state of 
drawing 7 (a), first, at the time of future exposure, and using the interferometer value of business. On the 
other hand, at the time of alignment, tilt-angle thetaXF to migration mirror 7X of the reference axis which 
passes along the reference marks 37A-37D on the reference mark plate 6 is calculated, and the value which 
amended IL-theta XF and was acquired is used for the reading value of the interferometer LWOF only for 
off-axes using the spacing IL of a laser beam LWX and LWOF. Thereby, at the time of the usual exposure, 
the reading value of the interferometer LWX for exposure and the reading value of the interferometer 
LWOF only for off-axes can be used now as it is. 

[0098] Next, since the measurement data Dxn and Dyn express only the relative error of wafer system of 
coordinates and reticle system of coordinates, when least-squares-approximation count is performed on 
wafer system-of-coordinates criteria, the called-for parameters Rx, Ry, theta, omega, Ox, and Oy are 
altogether expressed with the linearity error of the reticle system of coordinates on the basis of wafer system 
of coordinates. Then, what is necessary is just to drive a reticle based on the Niiza label (rxn, ryn) called for 
from the degree type according to the motion of wafer system of coordinates, if the x-coordinate and y- 
coordinate of reticle system of coordinates are made into rxn' and ryn', respectively. 
[0099] 

[Equation 11] 



[0100] Since amendment of Offset Ox and Oy is already made by the reticle side in this processing, it is 
good only by amending offset of (<Ax>, <Ay>) as an amount of base lines. Moreover, when [ all ] based on 
reticle system of coordinates, it is also possible to bring a reverse result and to amend by wafer system of 
coordinates. Moreover, these amendments are amended by wafer system of coordinates at the time of rough 
alignment, it may divide like carrying out by reticle system of coordinates at the time of fine alignment, and 
it may be controlled. 

[0101] Since the check of reticle alignment and the amount of base lines is performed as mentioned above 
using two or more marks at the time of one reticle alignment according to this example, it becomes possible 
to equalize the depiction error of a reticle, and a reticle and the alignment error of a wafer, and alignment 
precision improves. Furthermore, since all of these processes are performed to coincidence, a throughput 
also improves. Furthermore, since the reference mark plate 6 which can measure two or more reference 
marks to coincidence in a non-scanning direction (the direction of X) is adopted, the error by the air 
fluctuation of the optical path of an interferometer does not arise. 

[0102] However, since the reference mark plate 6 moves to a scanning direction in step, the effect by air 
fluctuation can be considered. If for the reason the output value of photo detectors 55X and 55Y is used, the 
location of a wafer stage (Ztheta shaft drive stage 4 grade) is locked and the check of reticle alignment and 
the amount of base lines is performed at the time of the check of the amount of base lines in case processing 
which used the LIA optical system 52 of drawing 13 is performed, the effect of air fluctuation will be 
suppressed to the minimum. Moreover, the reticle mark of this example is arranged at a total of eight places 
of four corners of a reticle 12. In order to investigate the correspondence relation between reticle system of 
coordinates and wafer system of coordinates, not only offset but the parameters Rx, Ry, theta, and omega 
are required for this, and it is because it is more advantageous to the decision of Parameters Ry, theta, and 
omega to have arranged the mark in four corners. Furthermore, when using the luminescent reference mark 
plate 6, it is because it is difficult for a light-emitting part to have a limit and to make the whole surface on 
the reference mark plate 6 emit light. 

[0103] Moreover, when the number of reticle marks on a reticle 12 is set to n, offset parameters Ox and Oy 
are l/nl/2. It is equalized and the error of other parameters also becomes small. Therefore, an error becomes 
small, so that reticle mark several n is increased. The result of having carried out simulation of the relation 
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between the error of reticle mark several n and a parameter and the error of the amount of base lines to 
below is shown. Below, it is 3 times the standard deviation sigma, and a unit [nm] expresses dispersion in 
four corners in the Niiza label system of (several 1 1). 
[0104] 
[Table 1] 
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[0105] As mentioned above, by making reticle mark several n into eight pieces shows that precision of the 
check of 50nm and the stepping error of a stage of reticle alignment and the amount of base lines also as 
lOnm is made to lOnm or less by the reticle drawing error. That is, if it is less than a limit of the luminescent 
reference mark plate 6, processing speed is carried out early and many reticle mark several n is taken, it will 
also become possible to raise precision more. 

[0106] In this case, although the patterning error on the reference mark plate 6 and the distortion error of 
projection optics 8 remain as errors into the Niiza label system, since these do not almost have fluctuation, it 
will be satisfactory if the error acquired in the exposure result as compared with reference data at the time of 
equipment adjustment is removed as system offset. In addition, in the above-mentioned example, as shown 
in drawing 8 (c), on the reference mark plate 6, two or more reference marks 35A-35D are formed, and two 
or more reference marks 37A-37D are also formed. However, even if it uses only one reference mark 35 A 
and one reference mark 3 7 A, for example, the effect of the drawing error of the pattern on a reticle 12 can 
be reduced by scanning only a reticle 12 and equalizing a measurement result. 

[0107] Next, it explains with reference to the flow chart of drawing 1 5 per 2nd example of this invention, 
and drawing 16 . It was what the reticle alignment mode of the 1st above-mentioned example uses 4 sets of 
fine alignment marks 29A-29D on a reticle, and 30A-30D about this, and performs reticle alignment of 
FAIN. However, when the parallelism of the reticle system of coordinates of the scaling error of the 
scanning direction or the scanning direction and wafer system of coordinates is small after reticle alignment 
of FAIN is once performed by the approach of the 1st example, it may be made to perform reticle alignment 
and base-line measurement using 1 set of fine alignment marks. Thus, the alignment mode in which 
measurement to three items of scale-factor (Rx) measurement of the non-scanning direction, rotation (theta) 
measurement, and base-line measurement is carried out using 1 set of fine alignment marks is called "quick 
mode." This quick mode can be applied also when it turns out beforehand that the drawing error of the fine 
alignment marks 29A-30D on a reticle 12 is still smaller. 

[0108] In this quick mode, measurement to three items of scale-factor (Rx) measurement of the non- 
scanning direction, rotation (theta) measurement, and base-line measurement is carried out, for example 
using 1 set of fine alignment marks 29A and 30A on a reticle 12, 1 set of reference marks 35 A and 36A on 
the reference mark plate 6, and one reference mark 37A on the reference mark plate 6. However, in order to 
amend the drawing error of 1 set of fine alignment marks 29A and 30A in the case of this quick mode, it is 
necessary to memorize the drawing error of Marks 29A and 30A searched for by the fine alignment 
sequence. 

[0109] Actuation of this 2nd example is explained with reference to drawing 15 and drawing 16. Actuation 
of drawing 1 5 and drawing 16 is the actuation which added quick mode to actuation of drawing 2, and fine 
mode and quick mode can switch it. In the step of drawing 15, the same sign is given to the step 
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corresponding to the step of drawing 2, and the detail explanation is omitted. 

[0110] In drawing 15, like [ steps / 101-104 ] the case of drawing 2, a reticle 12 is laid on a reticle electrode 
holder, and the RA microscopes 19 and 20 detect the location of the alignment marks 27 and 28 for a rough 
search, respectively. Next, one of fine mode and the quick modes is chosen at step 115. This selection result 
is beforehand directed by the operator through keyboard 22C of drawing 1 . However, the pattern 
information on a reticle 12 etc. is read by the non-illustrated bar code reader, and you may make it main 
control system 22A choose alignment mode automatically based on this result. 

[01 1 1] If fine mode is chosen, steps 105-1 13 of drawing 15 will be performed, and base-line measurement 
using the measurement result of the reticle alignment using two or more fine alignment marks and two or 
more reference marks and fine alignment will be performed like the above-mentioned. And at step 1 14, in 
the Niiza label system top on a reticle 12, the drawing error (henceforth a "mark error") of the location of 
the actual fine alignment marks 29A and 30A to an original location is searched for, and the mark error is 
memorized in the storage section in main control system 22A. In case a mark error is searched for, from the 
relation (conversion parameter) for which it asked at step 1 13, it asks for reticle system of coordinates on 
the basis of wafer system of coordinates, and the nonlinear error of the measured coordinate value to the 
coordinate value on the fine alignment marks 29A-29D and the design of 30A-30D is searched for on these 
reticle system of coordinates. This nonlinear error turns into a mark error. Thus, the mark error on the Niiza 
label system on a reticle is memorized from the result of steps 112 and 1 13 at the time of fine alignment. 
Moreover, when the reticle drawing error is measured beforehand, an operator may do the direct input of the 
drawing error. Effectiveness is large especially when a linearity component is contained in a drawing error. 
[0112] On the other hand, if quick mode is chosen at step 115, actuation will shift to step 1 16 of drawing 16. 
And in steps 1 16-1 18, the same actuation as steps 105-107 of drawing 15 is performed. That is, the image of 
one pair of fine alignment marks 30A and 29A on a reticle 12 and one pair of reference marks 36A and 35A 
on the reference mark plate 6 is observed under RA microscope in quick mode, and the alignment 
equipment 34 of an off-axis method detects one reference mark 37A. Moreover, it asks for the location of 
the mark detected with the alignment equipment 34 of the mark observed under RA microscope in the 
second half and off-axis method of step 119. Then, in step 119, the mark error searched for at step 1 14 of 
drawing 1 5 is amended to the location where the fine alignment marks 30A and 29A on a reticle 12 were 
detected. Thereby, the number of the mark measured in quick mode can amend the pattern drawing error on 
a reticle 12 at least almost to the same extent as the case in the fine alignment mode of the 1st example. 
[01 13] Next, in step 120, the scale- factor error Rx of the non-scanning direction of the six conversion 
parameters (Rx, Ry, theta, omega, Ox, Oy) of (several 9), Rotation theta, and Offset Ox and Oy are searched 
for based on the location of each mark obtained by amendment at step 1 19. As shown in drawing 8 (a) and 
(c), specifically, the scale-factor error Rx of the non-scanning direction is searched for from the difference 
of mark spacing of the direction of X of the surveyed reference marks 35 A and 36A (the non-scanning 
direction), and spacing of the direction of X of mark image 29 AW and 30AW. Furthermore, it asks for 
Rotation theta from the difference and mark spacing of a location gap of the direction (the scanning 
direction) of Y of reference marks 35A and 36A, and a location gap of the direction of Y of mark image 
29AW and 30AW. Moreover, Offset Ox and Oy is calculated from the average amount of location gaps of a 
reference mark and the mark image of a reticle. 

[0114] In addition, in this quick mode, since the mark made applicable to measurement is two pieces at a 
time in the reticle and reference mark plate 6 side, it can determine conversion 4 of six conversion 
parameters of (several 9). Then, the value of four conversion parameters is calculated as mentioned above. 
In addition, the scale- factor error Ry of a scanning direction can be searched for by choosing for 
measurement two fine alignment marks 29 A and 29D located in a line, for example in the direction of Y of 
drawing 4, and two reference marks 35 A and 35D of drawing 8 (c). 

[0115] And reticle alignment is performed based on the scale-factor error Rx of the non-scanning direction 
and Rotation theta which were called for at step 120, and Offset Ox and Oy. In addition, measurement of a 
scale-factor error prepares beforehand the scale-factor error corresponding to a part for the gap of the 
measurement value of each mark to the design value of each mark as a table, and it applies a part for the gap 
of the measurement value of each mark to the design value of each mark to the table, and you may make it 
search for a scale-factor error. 
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[0116] Next, in step 121 , base-line measurement is performed using the measurement value of the main 
coordinate of reference marks 35A and 36A, and the measurement value of reference mark 37A. since 
[ thus, ] it is amending the mark error in according to this example performing fine alignment mode once, 
searching for the drawing error (mark error) of the pattern of a reticle 12 and performing alignment in quick 
mode - a high throughput - and alignment of the projection aligner of a slit scan method can be performed 
with high precision. 

[0117] Next, with reference to the flow chart of drawing 17, it explains per 3rd example of this invention. 
Whenever it number[ of predetermined leaves ]-exchanges wafers (i.e., whenever this 3rd example is 
exposed to the wafer of the number of predetermined leaves), it performs reticle alignment and base-line 
measurement in above-mentioned quick mode. In this example, after exchanging reticles with the projection 
aligner of drawing 1 , an example of actuation in the case of carrying out sequential exposure of the pattern 
of a reticle 12 is explained to several 100 wafers with reference to drawing 17. 

[01 18] First, in step 21 1 of drawing 17, the reticle used before is exchanged for the reticle 12 of drawing 1, 
and exposure actuation is started. In this case, reticle alignment in the quick mode which drawing 1 5 reaches 
step 101-104 and is shown in steps 116-121 of drawing 16 at 1 15 and a list, and actuation of a base-line 
check are performed. Then, the number of sheets of the wafer which will be exposed by the time it performs 
reticle alignment and a base-line check next as initial value at step 212 is set as Variable N, and a wafer is 
loaded to it on the wafer stage 4 at step 213. However, a new wafer is loaded after performing the unload 
(taking out) of a wafer [ finishing / the exposure ], when there is a wafer already exposed at step 213. 
[01 19] Next, it is investigated whether it is the timing which performs whether Variable N is 0 and reticle 
alignment, i.e., a base-line check, at step 214, and when Variable N is larger than 0, 1 is subtracted from 
Variable N at step 215, and it shifts to step 216. At this step 216, after performing alignment of a wafer 
using the wafer alignment system of the alignment equipment 34 of the off-axis method of drawing 13, or a 
TTL method, the pattern of a reticle 12 is exposed by each shot field of a wafer. When no exposure to 
wafers has finished although the exposure process about the reticle 12 is ended after the exposure to a wafer 
[ all (assignment number of sheets) ] is completed, it returns to step 213 and the unload of a wafer 
[ finishing / exposure ] and loading of a new wafer are performed. Actuation shifts to step 214 after that. 
[0120] Moreover, when it is the timing which performs N= 0, i.e., reticle alignment, and a base-line check at 
step 214, in step 217, measurement of the rotational error of a reticle 12 and a scale-factor error is 
performed. This is the same as that of step 120 of drawing 16. Then, it shifts to step 218 and the base-line 
check of the direction of X of the alignment equipment 34 (wafer alignment system of 2 flux-of-light 
interference alignment method including an alignment system or the LIA optical system 52 including the 
FIA optical system 48) of an off-axis method and the direction of Y is performed here. Then, after setting up 
the number of sheets of the wafer which will be exposed by the time it performs a base-line check next as a 
variable N at step 219, actuation returns to step 216. 

[0121] Thus, since reticle alignment and base-line measurement are performed in quick mode whenever it 
exposes to the wafer of the number of predetermined leaves while performing reticle alignment and base- 
line measurement according to this example, whenever it exchanges reticles, the superposition precision of 
each wafer and the pattern image of a reticle can be raised by the high throughput. 

[0122] Moreover, although the technique of the above-mentioned example is explained about the base-line 
measurement at the time of the alignment of an off-axis method, it can expect the same effectiveness by 
application of this invention also in the TTL (through THE lens) method using the inside of the field of 
projection optics. Thus, this invention is not limited to the above-mentioned example, but can take 
configurations various in the range which does not deviate from the summary of this invention. 
[0123] 

[Effect of the Invention] According to the 1st projection exposure approach of this invention, the effect of 
the drawing error of the mark for measurement on a mask can be small suppressed by asking for the 
parameter (offset of a scale factor, the scaling of a scanning direction, rotation, the parallelism of a scanning 
direction, the direction of X, and the direction of Y) which matches mask system of coordinates and 
substrate system of coordinates by the least squares approximation etc. according to the location gap finally 
called for in each location of two or more marks for measurement on a mask. 

[0124] Moreover, according to the 2nd projection aligner, by equalizing the measurement result about two 
http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 5/2/2007 



JP,07-176468,A [DETAILED DESCRIPTION] 



Page 20 of 20 



or more marks for measurement by the side of a mask, the drawing error of the mark for measurement of a 
mask is made small, and the amount of base lines which is spacing of the origin/datum of projection optics 
and the origin/datum of an alignment system can be measured correctly. Moreover, while according to the 
3rd projection aligner making it correspond to two or more marks for measurement on a mask and forming 
two or more the 1st reference mark on a reference mark member Since two or more the 2nd reference mark 
is formed from the 1st reference mark of these plurality at spacing corresponding to spacing of the reference 
point in the exposure field of projection optics, and the reference point of the alignment system of an off- 
axis method, respectively, Since equalization is performed also for a reference mark side, the amount of 
base lines is measured more by accuracy. 

[0125] Moreover, according to the 4th projection exposure approach of this invention, it can ask for the 
correspondence relation between the system of coordinates on a mask, and the system of coordinates on a 
stage by the high throughput by choosing the simple measurement process by quick mode if needed. 
Moreover, according to the 5th projection exposure approach, the correspondence relation and the amount 
of base lines of the system of coordinates on a mask and the system of coordinates on a stage can be 
calculated by the high throughput by choosing the simple measurement process by quick mode if needed. 
[0126] Moreover, according to the 6th projection exposure approach, when exposing by the scanning 
method continuously to many substrates since the simple measurement process by quick mode is performed 
whenever it exposes to the substrate of the number of predetermined leaves, the correspondence relation and 
the amount of base lines of the system of coordinates on a mask and the system of coordinates on a stage 
can be calculated by the high throughput. 
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1 iSi: ; ttEvx*±©W©ttWfflv-*©fl 
©RffS© 1 -^©ti-IWv-^i:tij|BXT--^±©StS-r 
* fcOfflHf tH* 1 HEWtHHU HufBtf- 

^ t ^ cojiimirnmz s s 

2xet ; total? lxgfcMiBfg 2 is t© if i3p.fr- 
^^jsjrl, ii^$n/cigT^i65.n^M!an-»jfflv 

^TMlBvx^±©^g^i:Hufax7"-i/*±©«^i; 
o»KHfME*»*S3^fc ; 

U7 , fi¥^^/rbTXx-v ; ±©SffiCS7 , 6b, IuIBrItS 
^tt©M««(c»UTffl*fWKMfBvx^RtfMIBS 



(3) 



#H¥ 7- 1 7 6 4 6 8 



wiav^^*wE*B*w*7iaEosiftfc»fta-&T, to 

I2vx7±©?Iitoftiijfflv-7©rt© i ocon-iijfflv 
tfluiem i v&m^-t tmiLmirnmmwmm 
•tzmixmt ; Mie*7 • 7^->x7^©77^> 
h^-etuias*v-^gpM±OHui2m 2 oa*v-7^ 

SSLft«J|-p, fuf2VX7±©*gS©ft)fiOTv-7© 

rtomso i -Domm-?—? t MMm i ©g* v-^ 
i:offiffl-fn«*ifai , r*S2iai: ; iwb» i is*: 

KSB3ia-ea»?snfex8Toitiiiis*T**, Mia 
mm v- * t Mia»¥ v - 7 1 o*n^noffiit-«*n 

BbfclWIBS2©S»v-*©ffiB1*n*J:!), WEv 
X * ±Offia« fcfMB*r-5>±©*«3R ©*fJS§8& 

*7 • T^s/x^sor^-e^vhsoaipjSfcoBiii 

UK*** 6 ] B8W3tPBfS»ttoPB«««BRW L , 

«tt^**ftLTXx-iU:©SfiKBJtU iUIBRffSg 

S*W«HLT36*-r*!:fc»j:«fc5, Miavx^±©Mia 

S8LtlcBJW*SiSfc*J^T, 
HuIBSI^^^©^CMiaS«±©fuBftfeffl©v- 
^OtaS«r«ffi-r%fc»0*7 • 7^->XH©77^ 

tuiavx^±tMiatg*tw^^©^ip](cai!(©ttiw 

7t^©s^tMia5j-7 • 7'*s'X2ra©75-r*v 
hjRo»PjSi:oiBiBi«c#iiri-*iiBPi^ja«nftai 



-^**±©MfSlg 2 OWv-**«»LfcttBT, 

tuiavx7±©aa©ttswv— ^©f«3©m^© 1 o© 
n-Wfflv-i/ tjtfS-rstuiam 1 ©s*p v-7 t©{us 

7 • 7^X^S©7^?<>^T»Lfcfuiaig2 

©s*v-^offis-rn»j:t), Miavx^x©^^ 

^©B3fc7^-;VFrt©Sipj5fcfliB*7 • 7 7->X 

10 ffmtf3JS£Bft£?£= 
[0001] 

[S£±©fUJ!#»] *5SStt, W*tfXUy bx*+ 
[0 0 0 2] 

[^*©8ffi] *ft^*?X{±»«lK« 
'V 7 * f U V 7 7 w IgT'^iS-r 4 B5K , 7 
t h vx*XliW^;I/ (JUT, rw^;Vj 

7X7b-bf) ±KfS^ra^B^fBA , ffiffi2tt 

•y h^^li^a^¥^©B7 , 67f-;UFrt^^il)5 
•ST, &->a y HB«fcJB*l/^^;l/0/<*-vB«l 

jtrafc^ixrvr'TyF- u^-h^©^j^ 

[0 0 0 3] H 1 8«fie*OX-f<y^-OfiaP*^l/, 
COil 8fc*5V>T, 7x^X7—^4 ©±t7XM 5 
^BBStl, C©7xM5©jfi^©7x/NXx-v'4± 

i«snfcfiaw)t*lS*^©BJtJtofci:-e, ;M 

2 ±©^ * - >©#tf ©fgft^ 8^LT')x/n5± 
0^->3 7fW:aKl^ti5„ C©^, 7x/\X 
r-: ^4{itfx^ffif|£K}fHTBl&3nS©T?, bf- 
7;M 2©7xM$g^±T*©teB&tfl<'f-?;M 2© 

7 x^bwr Kjfr a meft «hi l t & < &kp« 

So ZODtMc, Is? irk I 2©^^-yffitS©ia^fc 

6 0R&tf6 lRffJ&jffSft, »V~^I5 
40 7±fctt, Znt,ls?</)l^~!?6 0RRXf6 1 R©7 
ia 5 ±T©»fr±©fflM fc^ L^HW-e 2 {@©g*pv 
-7 6 0 1 FsWBfiSSftTVSo 

[0 0 0 4] W;H2Ol/W?-^6 0 

R&t>*6 1 R©±Cii^n^tl^7;l/75-r^>hg| 
Btt5 8Rtf5 9*<EB«ftT^*. ls?^)V7=7^s< 

y bmwm s 8 at; 5 9 tt^n^'n, STtTttiiJiuiSft 

©75-<^yh^jtffi-ri.fig^?Et> W;H2 
±©^7;l/V-7i:7x^5±©77^^^hv-7 
(7x;at-7) 7±©S^-^ 
so fc*BR>»ctt8|-p*s-by<J— fc*«*Ti"*. Hi 8 



(4) 



1#P#f 7 - 1 7 6 4 6 8 



T?»lSfS«:kte«fc-3T, ^IA50^3 7 FffiiSte 

uf-?;w 2±©^*-y©«tf j E-n* ? n»fcStts. 

[0 0 0 5] li^Xf^^-C^^T, MXgTJ&S 
2nfC7XM 5 lOB^^-VOlKIli: 1 

3, Xfv^-Ol^lcS, KUft^S©!!?^- 

^i^SIIt b^*;I/ffli*0»(6«WTO J: 5 teL 

[0 0 0 6] BPS, <7X/NXT~>*4£«]LTg?pv 
-^«5 7*JS»)t^8 0BI)t7-r-;l/Krtfc»ii$ 
■Sfcft, -SOUf^;l/77^^>Fgai5 8te«fco 
T l^?;I/V-? 6 0 R kg'ipV-^ 6 0 F k©{fi»-f 
nS^tHL, flfcfr©l^?;l/77^>Fil»a5 9 20 
1 Rkg^v-7 6 1 Fk© 

fc. Mte, S*V-i/ 6 0 F £fflSv-7 6 1 F coim 

6 l R kgqiv-7 6 0 F k©{£gfft 

;M 2©ilKft*fKiLTV^. ^LT, l^?;l/i 2 
XB«>xMX'5 ! —s?4*ia(fs*«r*oiawi**iiE'r 

[0 0 0 7] HI SKfefTtts ?x;\5±©& 

£8©{Iffig|3te*7 • 7^->XM«77^/y 

T, ttfSf 37x/N5±©i/a -y YWmmBIG&kS 

^8©RJt7-f-;l/KW©®*jS (0>J*.ffB7Wi;O 40 
k, *7 ■ 7f ^S077Y^yMi«Sl3 4(D« 
£S!tt©S9j£6 2 kOMHTSSBfSI^-X^i'y* 

[0 0 0 8] ^*©Xx-y/^-C*5V>T, ^©J;?^ 

R, 6 1 R tlfY-^ 6 0 F, 6 1 F©±tf£f!k©{iZ 

fUc«SU^««tt'S'i/^7 l -^4*IMftS-&T, 77 
* > hgffitt 3 4 fc «fc !> ^OSPjS 6 2 tS^Y-^ 
*5 7±©ttJS**^v-*k©{M1Ma*fciHltlL so 



[0 0 0 9] 

i^S^-pfe, $*Mk|i?i:liS©B7t7^-;bF£Bi 

[0 0 l 0] 810^'JyhX*lr>«7«*SoaW«3t 
StUTtt, *EJg«XttP33M^©fiaW1S« (WT, U 
'J^MW kl^5) teftLTl^^l/Rtf? 

/^-^tf^x^KJIftSns. fi£^T, Xt7^- 

^kip) cffiat©^^-v* , 7XM±{i:R^-rs k-rn 

If, XU-y hX**V«7fc£5STtt, X77/^-JSt 

T*, R7t7-f-;VFF*3T©Sg^tttE©flS^[&]±-rs 

[0 0 11] Sfc, fl£*OUf-d'/KD**SOi«tl46 

/5<g?£^*\ ¥«#:^?^©0^^->©^ffi 

B6^y^-9-^XT'ttHfC^t)*<*oT^S 0 ^©fc 
46, SI57 , fi^©SU^^I5lJxB"l/4^(c^MLrc 

F X^-v VE^S^'WfiJTfeSo 

[0 0 12] JJffriXU? FX**ySg7t#3©j£»35 

* A/£fltX t fxAii)| k ©ft jStttf©^ & «M! 

;V±©IHI&/^ - >©JSH|sMte iot77^/yl-i 

s«m5{tr*t^5^»d*«**. at, #ih¥3-i 

6 9 7 8 1 *§T'f±, Xf'V/HcfeV^^XAXf-^ 
Ji*BI^tettjB!lfSCkCK«tt), U^*;l/©ISlEft* 

a©tfjMffl v- * ©n^ttsiitc * s ©ttsj t ^ ? 

Hfcftti, X'J-y F^* + y«7t*S©a»»7^*©jt 

k © Heft at; t n s *w^©*H«ssa*nBfi * < it 

[0 0 13] jS»«^fiO«3t7-f-;VFflO* 

wsk, *7 •7i>*yxttv77j*yhmomm 



(5) 
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T, 0^*f»;/V-fcfct**l'f-*;I/±©lfflffi (2 
AO) ©^-**J8WSfWfl#B5fc*©£3:*Uy bX 
>B}t;£3:©S:«»£8Bfc:jiJ8 LftOtii, Uf- 

So 

[0014] *^(i9rfr§^icl*, xu >y hx^-v 
>»W£©19«B)fc«»fc:fe^T, l^f-^b (vx 
7) ±0/^-yoflSH^So»»%flliiSS-ST, 

ft) fcO»*W^*iEiilcff*.*«MB«Jtt*i6*a«-i- 

©ttfStttf ©IE5t£<}: 5 bSBgtttfS££tt«if$tf& 

So 

[0 0 15] Mtc, XI) v YX**tVWl£j3 

*-y©ffiB3^©K**ffi«£-eT. ftKJtS**©* 20 
ft7^-;UF©S*pj£fc, *7 • TtisXttOTyj 

[ooi6] Sfc, mtf^-x^>ttill*flTjettft 

^) t<DM&mf*fT5tbW**L\i\ *« 
frSK, Uf-d'Ji/SWJR (vx^Si^) k^ffli 

& (S«I£&1£) £©*ffStttf, Stf^O^-X^^V 
[0 0 17] 

EBf3©»ROB8WWWrtOvx* (1 2) ±<0^{i-y 

(8) ^ltxt->* (4) ±©g« 

(5) fcRftU *©Br£^©SWPI1B«fc#LTtBW 40 
Wicvx^ (1 2) Stfgffi (5) ^HWLT^St-S 
ctfc^D, vx^ (12) ±0*OBf«««0!HlB« 

8«fc5t>i£^ffi«©/<*->«*S8i (5) ±K»tr 

S^TStfeV-'T, (12) ±{c*-©*B*f6<J&^g 

OT5"(Rltam©tf-S'JfflV-^ (2 9 A~2 9 D) £ffM 

Olf?-^ (3 5 A~3 5 D) tfJElSSftfcSlpV- 
^SPM (6) ^Xf->* (4) ±(Cg2BU VX^ (1 
2) RtfS1£ (5) S^OffiWWft^lE^lRlfCRmjL 
Tgl?^T, (1 2) ±©}i$©H-jffflV-£ 50 



(DflOlOOH-IfflV-^ (2 9 A, 2 9B, ••■■) £ 
TsT-V (4) i<Dffit5P?-^ (3 5 A, 3 5 

b, ••••) tvmimmzmmwu *n?>«»© 
mm v- * t sai^os^ v- * t o^nfno 

ffiflH*ft«.k 9, VX7 (12) ±©$g^£X-f-^ 
(4) ±0*aBRfcO»i6BB«**»*fco-p»*. 
[0 0 18] Sfc, *«W£«fcSS2 0f9»B)to?}£ 

(8) ©ififtgfcSS (5) ±©{iBfti6ffl©V-?©<iL 

£ (3 4) SrSEKU VX^ (1 2) ItfOWW* 
SfiOTSlRlKiM&OM-aifflV-* (2 9 A~2 9 D) % 
JfMU (8) ©il^^-^FrtcSM 

i:^7-7^->X^OT7l'^Vh5S (3 4) ©Sip 

&t<DMmfcttfc?zmm-?% 1 ©s^v-? ( 3 5 

A) &lf»2 0®pv-* (3 7 A) tfjftffsnfcgip 
V-*«S# (6) *7,7—V (4) XfcKBfSo 

[0 0 19] ?-LT\ *7 • TfisXtttDTv-fty 
h£ (3 4) -PSSPSPW (6) ±0$2 01«P7-^ 

(3 7 A) *WdELfc*We, VX7 (1 2) £MfB*g 
KWz%&<Dl5mz®Wll:^T, VX^ (12) ±0* 
^COH-aOffiV-^OrtO 1 0©ff-jifflV-7 (2 9 A, 
2 9B, ••••) fcXr-S? (4) 

(3 5 A) t©ffiB-ftl»^«B^IfIJL, *n&*»© 

yy% (3 4) T*i»Lfe*©a§2©SipV-*©ffiiI 

■rnMj;o> (8) ©g#7^- ;i/Frt©s 

*P£fc*7 • 77S/X£3©77f ^Mfc (3 4) CO 

[0 0 2 0] Sfe. *aWO«3 0aig83t»ffia:, * 
o«2oa»«jt^SKfe^r, S*V-*»# (6) 
±£, vxx (1 2) _h©*Ii5t©8t«9v-7 (2 9 A 

~2 9D) iznm-z&Tznm 1 ©gjpv-**«»ffl 
(3 5A~3 5D) »*r*fc«ic, cti^mmomi 

®S?pV-X (3 5A-3 5D) )!p6*n j etl!a»3tt* 
(8) Of!7 1 £7^-;l/FrtOS«fc*7 • 77~>X 

Mor^^yn (34) oasp^to^fiitsjts 

•rsraHT*©3S2©gipv-*;&«IHH (3 7A-3 
7D) Jg^L, VXi7 (12) RtfXf-y (4) 

o*aiws4j&io*iRiKnwLT»»s*T, vx^ 

(l 2) ±oitt0tt»fflv-*0rt© 1 oofHWSv 

-7 (2 9 A, 2 9B, ••••) tXf->" (4) ±©W 
fS-fSUl ©S^PV-^ (3 5A, 3 5B, ••••) fc© 

taB-rna^w^tHM-rsfc^K:, *7 • 7x->x73S 
©75-r^yb* (34) T-^©ig2©sipv-^© 

F«3©*tJS-r?.S^V-^ (3 7 A, 3 7B, ••■•) 
•7?->XM«75^^^hS (3 4) T?S«Lfc* 



(6) 
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ft t>mmw, 2 comw v- * offinrnaov^ej: 

7 • 77v'X7j5£©75'l'*:/J^ (3 4) OSJpjSt 

©f?aPS£;}<J63 &©-?££,, 

[0021] *mmm4<D&&myti5mi; ± 

73^t^C> VX^ (l 2) ±OfflROlt»fflT-* 
(2 9 A, 2 9B, •••) tHJ&+ (3 5 

a, 3 5B, •••) fco^n^noffiB-fna****^ 

i xgi: ; ^©vx^X©lti£©fiiflfflv-^©i*]©m 

1 OCDtf-IWv-^ (2 9 A) tfOXf-^JiO 

ttjs-r&s*pv-;' (3 5 a) fcoffiB-rns^iia^ 
uttiu shhmv-* (2 9 a) trnrn-?-? (35 

A) i:<offilI-rft«*fBS«K:*ii)Sll2I8i: ; ^© 

OSS? S ft feie-e*» 6 ft fc* ©ttilffl v- * i: * © 
g^v-?k©^ft?ft©ffig^ft»K:gtSv>TVX^ 
(l 2) ioggltXr-; (4) ±©&g&fc©*f 
JSBH«**»*»3lSi: ; £*rr <D 25 3 o 

[0022] sfc, 5 nmzmmim «, ± 

g*pV-?aW (6) ±©S2©S*V-* ( 3 7 A, 
3 7B, •■•) ^MSSL/iftffiT, (12) *=t<D 

mttm7£&ny5faic®mz#T, vx? a 2) ±© 

aftOfflWfflv-* (2 9 A, 2 9B, -) fflftOlO 
©ft«lV-*£Sgl©S*i8v-* (3 5A, 35B, 

•••) fcofflB-ftiasnGWH-a-rsai^ei: ; *7 ■ 

7*i/735ttT54*z/YttWQ<r-ZWit (6) 
X©|g2©g?T7-^ (3 7 A) fcSSLfcttfflft?, V 
Xi7 (12) ±©1«$©ft-«Bv-7©rt©ffi;£©10 
©tHMfflV-* (2 9 A) fcjg 1 C0S*PT-^ (3 5 

a) t£Dffis-rfts%isi^W(cw-sij-rs^2xst 
3xmt ; co^3iSTSS?snfcxsT<otfa!MSs 

ftfi, &tf*©*7 • 7^->X75Sc077-i'^>b^T- 
* ±©$ 8^ t % cox r- y±OM9BR t ©*f JSM^ 
4-7 • 7*'>X35iSC075l'p«yh*oaipJ«fcon« 

[0 0 2 3] Sfc, *«IB©£6©K«»fc£ffi«, ± 
a©58Wfcrai;M«»C*i^T, Sl*7t¥£ (8) ©ifi 

^icss (5) ±o(4B8fe»fflov-^otaB*ttm-r 

%tcib(D*7 • 7^£/X73S®77-r^>'h^ (3 4) 
*E«U (1 2) ±fc*OfflitW43ta©73lfil 

(2 9 A, 2 9B, -) fcjfoff 



10 

oamv-^3Wg*snfc»p-v-^*« (6) ^x^ 

—7' (4) ±£EBU Cft&WR©»*v-*l4*© 
fgl (35A, 35B, ■■•) atfS2 (37A, 37 

b, ■•■) ©g*pv- as (5) ^m^is? 

ttWpV-tmi (6) ±Ol2(Dli|Y-^ (3 7 
A) tiRLftW?, VX^ (1 2) ±CD?iSOttSiJ 
10 fflV-70rtOmS©100W-SlJfflV-^ (2 9 A) t 
M(Stai©»V-^ (3 5 A) tOffiB^ft«* 
fffiJU COJ^KtHBiatlfcttfi-ftt*, Rtf*©* 
7 • 7*S/X7ja©75-f* Vh&-e«SL.fc£2©S 

(3 7 a) (DULmtnmxo, ^©vx^x© 

2S'X#£©75'r*yb3R08*j6i:©HI» H-X 
£*:ids&©T&3<, 

[0 0 2 4] 

20 [f^ffl] »ffr**awoSB i ©tSHBWWSfcS^T 

H\ VX^ (1 2) ±fc*tt©fHW8v-i'*eilU 
*ft£©W-«iJfflv-* fcBl*W«4a!pv-**«Jpv 
-7gW (6) XtcEBU vx^ (1 2) RtfXf- 

V s (4) *XT-vevy*£-«at?>4tf&, ^ft^ft© 

atia^T, vX7g«??SfcffiSffiS&££#JStt 

ss^oxy-'jyy, in 

IE, SS73lRl©¥ffS, X7D[RlStfY73^©4-7^-y 
30 h) ^sR^-SC ttcj; (1 2) X©ltSiJfflv 

fe, ffl*fW%^©73[Rl©V-7ltS'J«M^S'J^lCfi : t) 

ft 5 ©T'^iaimtf-iij t & * # , «»em Ttuw-r s & , 

[0 0 2 5] Sfc, S2©ft»Btt73i£K:<fctttf> vx 
? (12) «OfflftOlHifflv-^fcH , r*fHWS** 
W-mtt^ctlz^f), vx? (12) ©ffl-Slfflv-* 

©JSffl^M©^#^a < lt, (8) ©s 

MtT^^yh^ (3 4) ©S^k©P^x*5 
40 ^-X5^V*5:iE5S{i:H-jBijT?#5„ Sft, ^3©SF^ 
«3Wttfc±ntf, (6) ±K, 

(12) ±0«»OW-««T-* (29A-29D) C 
»£StfT*©Sl©a*V-**lMSffl (3 5A-3 
5D)ffM-r5t«C, Cft£5lt^©^l©S?pV-^ 

(3 5A-3 5D) ^P.^-ft^ftS^^ (8) ©S 

^VHR (3 4) OSlftftfcOIBHKW^SrilBIBlT* 
0«2 0»PV-^*«Rffl (3 7A-3 7D) ML 

so iOIEttfc^-X^-YyftWHIiaftSo 



(7) 
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[0 0 2 6] *»WO®4<oa»B)t^j£k:«J:n 
tf, iS^X;l/-7<y h*H#sn*»aictt, <g2IS 
£3!S?LTfHIOTv-* (2 9 A) £g?pV-7 (3 5 

a) t<D{m-?nm*i\B\tamfflu ism&im$-£ 

gfCfeVT, Mt^fefHMfflV-^ (2 9 A) ©*3fc© 

ffiBA^offlBfna (cm tv-^^mj w.£) 

©v-^a©?glE*fT5<:i:C<fc'?s iSv>X;l/-7"-y 10 
h fclflMKi:©PKf©»Rfcf&*.S C fctfTS*. 

[0027] raait, »5oja»«3e*ffitj:ntf, « 

U77-f^F^ (3 4) T?»2C»PV-* (3 7 
A) *«gLfctfflrt?, l^CttSOTv-* (2 9 A) 

tsgioa^v-^ (3 5 a) toffiH^'na^is^ 
itn-aiu ««a*«fi**n4ii^fctts 1 T-mzmn 
■tzcticzv. saai.K.m- 

iSH*#«>TiB1iLT43t, S2Ig^Lfci^C 20 
tt*0"T-^faSO*liE*tf3!:i:lcJ:5, iSSi^x^- 

[0 0 2 8] Sfc, SB6©«!BW«fffifcJ:tltf, «* 

(5) wm^mmm 

(5) t»)tr*tt»C^ *7 • T^X^ifrDZ^* 
(3 4) ?m2©g!pv-* (3 7 A) SrglgL 
fcttflTC. (2 9 A) tllOP 

v-x (3 5 a) t^fss-rnfi^iiHircitttiiL, c 
©It «t D vx ?±©ffil£ f: xf-^±oi(iS 

tOS»^ "*-X7-f fi£-=>T, 30 

if5^X;V-7-y hT'ftWfrfc>ns= 
[0 0 2 9] 

ffi|lcotHffi*#RaLTittWr3o *mm&te, XU-y 
FX^t ^BJfc^OiBIBBJfcStBT 

0 m**ffi0tj©fijgBftgB;&*u ncom 

L (c J; SSJgOBHWSW CttT, Tx V v httOflSfJJB 

ncmmftztLZ,, ccomc, mftm l©xu -y h 
ttoiBWtSLt, u^x;v 1 2#b 1 mmicti 

XA5(i| 1 CDttffifcJtLTSttflRlfc-SaifcV/M 

[0 0 3 0] W-*;H 2Rtf*x^5©B»*K:-3^ 
l^7;loOt£9±CY«73ft (01© 



t'J«t^f- 5? 1 1 ±fc 1 2 -y » 

5fc J: BfflSSnT^S. 1/**;WR/J>BJ&*t-5? 1 

1 a, a»3t¥* 8 ©tttttcffif &ffirtT?^ 1 ©»st 

¥fr&X2ffik Y73(R]&0*Ilie73[fi] (6 73 ft) fcWf 

n^j^fcitaoa msc 1 2 owa^ff 

3c 1^*/1*/NH&Xt-5> l i±£fi&ffttt2 iff 

ICfc-aT, ^BSb^^^MgfjX-r-^l 1 ©X7j 

Wb\ 1 4 icj: 0 f#e>ttfcffiB1t$8 S 1 A^ffiffiR 2 2 A 

[0 0 3 1] ^i/^llKli, YMTjIrJC 

BISaftftfXMYillBftXr-: J>2tf«B3*U *© 
±KX(fcEriftCBI(iSft49x^NX*WB«X^-5?3*« 

oTffi)$SnT^«. Ze«E»Xr--S?4±K:fc8»| 
^7A^SS^n, ^gPKEItSnfeT»tH 3 Kit), 

z e«BB^r- s>4 0xj5rfi, Y^iRiStf e^iB]©{!i 
t±iH»&2 2 Atc«*&snT^*o 2 a 

tt, >)I^SI2 2 Bf *^LTf 

r—>*2, yx^xiilgfiXT— i?3, zeffilgiixr 
— >• 4 ©{aBftft»ff*iBi»-r s t «(c SB£f*©» 

[0 0 3 2] £fc, mxET3A\ 7xMffiijo=F#tH 3 

e ttllXf-y' 4 iOfin 5 ©3fi^fcS*v-^« 
6^H3£«hTl#^«. C©S3flV-^«6±fc{±ma© 

v-^cofftcti z ewigiixx-^ 4 ijtcWA^n^^ 

[0 0 3 3] *ffi|©bf-^;V 1 2 0iJ[:ii, S?pv- 

mc®m?zrctb<D\sm>i77j*yhwmmi 9 k 

tf 2 OjtWHISftT^*. colg^ U^^;H zfrS 

ot^^nf n ;v/7^^ > 1 9S 

t>"2 0K»<fe»O(BlRl55-l 5Rtfl 6A^ttSfi 

2 2 AA>6©Jg^©ti:T% 57-I»ail7Ml 

8(;:«fco ; ?-n ; etvSiR]57-i ssr/i 6«jsg^n 

±077^^>h?-7 (7XAY-7) *«S!-r«fc 
i6©5j-7 • 7^X7j3©7^*>h3IB3 4A«B 

[0 0 3 4] Sfc. ±W»3R2 2AK:a. 
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5©3vy K*Afl*Sfc«>©*-#--F2 2 Ctf&M 

^U-#W:*-#-F2 2 Cfc/l-LT^ffflffll^ 2 A 

[0 0 3 5] ^JOgg^TftggtCfc^T, 7x 

^7t5STtf)->-'!r^t:ot^2©7a-ft-h 10 
*#B8LTUiW5o 5fc-f0 2cDXT"y7l 0 HcfcV 

*-*4, 2<H©l/^f;l/7-A2 3ARtf2 3Bi:, C 
ne.U^;V7-A2 3A. 2 3BtWS*nfc7-Z>» 
@e$ES2 5t, C©7-AI1IEB|2 5*[ilRS^5[5]g 
WR2 6fc±D«JS«ftTV>*. U**;l/7-A2 3A 
M2 3 BOb^^;l/«fiffiK:tt*ti€tiS2S5Sa}fflO 20 
»2 4ARtf2 4B*^j££nTfc»), U^^-A 
2 3 AStf 2 3 B{i7-AHieW2 5^LT^n€n 

[0 0 3 6] Uf-^;H 2©n-F^{c{4, ffiS A 3 1? 
flfiWU^I/iBata* GF0/TO £DW^/M 2^b 

i/f^ii/7-A2 3 Bit m*.\mTMvQmat\it\s 

KM2titil'?9iWW7V77'f*>bWim (TO 

(CJ;^!, U^;l/7-A2 3Ai:T*l/f^H2 30 
»»WT-SOl«K77^^ 7 hShftft, bf- 
?;H 2«Ut c ^/;V7-A2 3 A±tcK^?s»*na„ 

02OXf77lO2»>T, l3lEWfl2 6tf 
7-A|elteW2 5^/rLTb^^;l/7-A2 3 
S«T, YSifii (HlO^^;I/BttXf— 0©ft 
SffiS (SttSUig) ) offiHB3STUf-f;H 2 

[0 0 3 7] L(0tt, K^Mffl«ii2 4 Att, 
7;H»/J«»X7-S'" 1 1 ±0^#&MtESL/c^ 
T\ IOUfjr/H 20><*->1H*0M)ffillfi:**© 40 
T\ )\,m-*m*7—*J\ l^SS[SlT'S5y 

#lRloaife*SK:8*Lfe«||-p, l/fW-A2 3A 
ttU^i'^m/J^HBl^r-^l 1±EW{'/H 2£@ 

SXr-^l l iCUf^;H 2jF£'T« 

fc, 7-A0KWI2 5ti-Z^tcT^t), Ut^WB 

'mm^T—i? 1 1 ±©x^K«ffi(c u**;n 2 *m 

■StU l^7;H 2©Stti«L^7^fcix^^;l/7- 



< 0 COBfc, U^^;l/7-A2 3Ai:2 3 Btttfei 

[0 0 3 8] »l2CXf77l 0 3WTTUf^/l/ 

totSi^-rSo 04 (a) {±W^;M 2±©75-f 
(^^^v-^) ©Sf^L, 0 4 
(b) &]s*9fr±Xlt^y&%<OWmit'7 4->\'Y 

3 3 r rt-po, x y y hmmmmmm 3 

2«S*^-T. ^S73lq]^y^lRli:LT> ytflfilfcfflifc 
Hfa*xl5fatt5o 04 (a) Kft^T, bf-^H 
2±0**»0^*->1R«OJiHK:Bjt}tt»3 1 tfJ£ 

77^fffl77^^yhv-^2 7W 

28i:> 77^>77-f^>hV-^29A~29DS 
If3 0A~3 0DtEW5n8. feH«057-9— f- 
I75-f)tyW^Z7H;, S**lRjTSSy3j|RlC 

©^7-9--7ffl77-r *y hv-^2 8(4, iraiiJo^ 

7-9— ?ffl77^^>hV-^2 7 CJfWtMJn 
TV%„ 

[0 0 3 9] *a«loaBta5 3 1 t77v-fffl 

77^^>bV-^2 7 <*-Vfc©WI 
[C, y£|R]fcifi&LT77'('777<'*7 9 
A, 2 9 BA«Sn, £j2fiJ©it7frS3 lt77*- 

KtC. y£fa£jfi8LT7r-l'777'f'*7FV-*2 
9C, 2 9D*flBj£StrEVSo iltlP.77^>77^ 
^ y h 2 9 A~ 2 9 D fcaWSKSMK?/^ 

>77-r^>'hN'-^3 0A~3 ODtfffM^nTfc 
t>> ttx?)77^>77-r^y 2 9 A~2 9 D 

Stf3 0A~3 0Dtt, 0 4 (a) T*tt#K+^«V- 
^LT^LT£S*^fa£^tV? f n0 4 (c) fC^ 
■*-J:5fc, 3*OB^^-^x^}c3t^HT 
2fflE5>J-r«t«C, 3*<OiS*8«^*-V*y»lRlK: 

[0 0 4 0] 5tf|2CXf771 0 3tc43VT, 04 
(a) OSifl«077'9--f-ffl75-l'^Vhv-^2 8 
£01©l^^77^>hilS!it (WT, TRAS1 
WML 2 0T'^ffi-r5c 04 (b) tt, 

•a-ORAISffl^l 9Stf2 0OW;W 2±T'Oil^ 
8W£l 9R&tf2 ORfc^U 77U--f*tT5llc 
77^-fffi77^^>hV-^2 7M2 8li, 
^ti^nSSfiSW l9RS(f20RJ;D feM'JTS D . 
K-Dmhmyty A F ftfiftlHK 3 3 R i 0 fc^fflij 
t$5o CWi, 77-9— f-OJftK77"9— fffl77-f 
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[0 0 4 1 105 (a) tt, 77t-fI77-l'^Vh 

(b) im 5 (a) ^/>Lfc0T*£t)> C©0 5 

(a) &tf (b) t*V>T, RAH38JI2 0©IE7jJ£© 
#^1S=2 0 Rer OKWtLT, W^/M 2<DftB 

5rARit5o f£oT, 05 (b) {CjjVTJ; 5 fC, flA 

2 8£0-7jO+^^->2 8 a tfi&"f tStlT^S, 
^ffittfitt^d-h?:/^-^ 8a<0xIIMyIl 
T*2S£*\ *^jTii ; ?-077'l'^>bV-^2 8£D2tt 
WLT4 5° TSEftf **|filk:, EP-SxW&tfyWc 
$J6{C^©*IW©^Mli?2 0 Rer *jaEf* 0 
T, *©8ftj£S©|gfc:77>l'*:vl«''?-2 2 8£1»2J 

2 8 a©x&£&tfyffiS&#ft.S„ 
[0 0 4 2] ^©fcit>{;:{±, lEC^ix" a ©SEiSotf^ I N 
T (a) "?Sffc©hLT\ *©ffiAR©J£2rJ&©ffi« 
^©tSWO^xMIH^ 0 Ref T?i£fi-r5»B©0»T 
*5-9--f-iiffia{i, {INT (AR/W) + 1} 
So CO'9--f-iBB5»«:^ft*feT*<. ^ LT, Wttt 

K, Bftfc^tlWlSW© {INT (AR/W) +1} 
^©HtMSA 5, B5, C5, ■-4SSUB10 

*Xr-ytfvyi/CJK*BI5 (a) ©M»2 0R ef 

[0 0 4 3] 05 (b) fcjjVT £?{;:, tfe*SA 
R x A R0+r-^tBB*K+f-^ftSi<D75^>hV 
-^2 80t^-^2 8a(i$SU ^-T^iBBfC 
MLTt^C77^^>h-7-^2 8tf*tV\, 
T, CCT^^yh?-^ 2 8fc5ifLTfH673lRl{c^ 

JBrtWfcXT-yTjaiD-rtuf, «/j^owH»-e, 75^ 

^yhV-^2 8©t?^->2 8 aOffilWf 

[0 0 4 4] 06(±> Zn&oK^yjynfc&WtM 
WLTf»6nfca4rOiS««^*^L, 06 (a) RTS 

(d) {±0 5 (b) ©£8!i8t»A5-et#£>ftSx;£iRjK 
tfy 3 MWS^ 06 (b) M (e) 805 

(b) ©£3MB!?B 5T*?# SnSx^lRlSlfySlRlKjB 
?H<f{l^ 06 (c) Rlf (f) {±0 5 (b) ©Wxi 
$m C 5 Ttt&tt* x Sffitf y ^[p]{Cfp v 9 WSffl^T 

06 (b) CDHflHM^Bt^'O-^Z 8 aO 

xsswsn, 06(f) ©pi«ui^&-M£/<* 



->2 8aOySlW6n*. 
[0 0 4 5] L©i(CLtt-fil/f^;W-i; 2 8 
fctfcmLft&fc:, 4-JS(±0 2cDXr-y^l 0 4{c43U> 

i o$m*mtfrz>o fat, c©^, 010a 
Jpv-^fie©^*- «»*aiK3t*3R 8 ©M 

Vhv-*2 7Rtf 2 8«SSfl^6!iafi-r«. 
[0 0 4 6] W±©^-^VXT\ 0 4 (b) ©RAH 
ftttl 9Rtf2 0O««««l 9RSD-2 0R{C^f 
5, 77t-fS77^^>h?-^ 2 7M2 80ffi 

t5. Sfc, RASflHRO«Sfffi«l 9RStf2 0Ri: 
■7XMffiS^t©*S)b^»^{t{±, 01©g^v- 
*«6±©S»r?-**R AWl 9&XfZ OTffflJ 

20 >77^^>hV-^2 9A~2 9DM3 0A~3 0 

Dt, a»pv-^tR6±<oBspv-^ (mm twmn 

e>&V^§Jg© N ^$M77-T^VF (7777^^> 

[0 0 4 7] fib, fi«Jtt¥*8 0U>XS 

*>Jv£<"*-*fc©fc, W^HZ±075^^fhv 
-^^77t-fffl77^^hV-^i77^y77 

y4 * y V 1 7 t4 y 7 71" ^ > b v-2 £££ 

30 fflV-^tC-rSCfc^TtSa CO^Tfe, 0 5f£^ 
LfcfcSK:, ^fe^lRjCXr-'yTUt) LT7v-i'^>'b 
*f*#ffittl»BT*, RAgf»g|19R 

0*2 oi?75-r^>hv-^©-9— ^ra^Kffack 

[0 0 4 8]^{c, yr-fyr^^^y h©->—yyx 

*;l/*r-S>©IBin&»*fc^#«B!"r*. 0 7 (a) 
{±^X^Xx-S/©¥ffi0T'&D, C©0 7 (a) E43 
fT, Z efSKilXT— ^4©±fc>7X^5;&tfS38v 

4±{C{±, Xttffi9IM7X&CfY1«ffilMMl7Y«<B 
S^tl, >7iA5±7B4 (b) ©xy-yhttOfiaWfll 
«3 2 {C»f5-r « X V >y h «OMW«« 3 2 W*W3tt)tt 

f«sti, nmwi 9WM2 owMn?ni4 

(b) ©S^«il 9R&tf2 0RtMt*£5 o 

[0 0 4 9] &l!jSt7 Xfctt, XiEWTI^ftf 

fcilSttBHcifBTHHI I L©1/— f'-e-ALWXS 
D*LWof»7$n, ^»]^7Y(Ctt, YWcTfrttjt 
50 Sg^iftoTP^PSl L©2*©^— fr'-tf-ALWY IS 
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tfLWY2tf!!8S*SttTV>5„ BJfcBJKtt, Z 6 WW 
Xr-SMOXMMfcLT, U-f-k-ALWX^ffl 

TU-if-lf-ALWY lRtfLWY 2 fc^n^ ftfflV 
ST#tt?ttfllSnfcffl«itYi 0¥±£JM (Y 

i+Y z ) /2tfIV^h«. Wttfffi&ffiYi t 

Y* t08«*6Zflill^f-i 5>4©@Ik#IrI (9 

T, Z8WES!iXr-^4<OXYTffiOffiSStfll(gft 

[0 0 5 0] ^rfc, jaE7EriftT**Y3flRll4 2ffiiO=F» 

U— »f-e-ALWui ■ fcffifli** WF8fcf© 

[0 0 5 1] 07 (b) tt, ^OTffiH 
C 7 (b) Kfe^T, U*-*;l/Y«ftXf 
-s> i o±fcl/^-^;MR/J>e«X7 l -y i i Willis 20 
ft, j £©±£U-t^;H Z*W3hT^5. Sfc, U 
^^^MgKX-r-i/'l i(cttxHffl091iM2 1 x 
Rtfy«lffl©2ffl©£Il«2 1 y 1 , 2 1y2tfHJ&£ 
ft, &fjgt2 1 xtttxtKWKU-lf-tl-iLR 
x«ft, &Klg|2 1 y 1 , 2 1 y 2tCtt^n ; fn 
y itffiC U-if- If- A L R y 1 , L R y 2 ftlW 

[0 0 5 2] -j7X^Xf— v-'tlRl^K, urtrfrm'bm 
IftXf— V s 1 l©y7?lRj©ffigfi> I/— »f-e-ALR 
ylMLR y 2*ffifflTS 2ffl©T8?ff?frMSttfc 30 
ffiSfflyi &tf'yz ©TOffl (yi + yz) /2tfffll^5 

g|Xf-yi IOHHESirI (QTJIrJ) ©@IS*fftHil 

[0 0 5 3] LlOifi, jfe4SlRl-e*Sy^O»|(|« 
2 1 y 1 , 2 1 y 2 t LTtt3-^+a-7ffieDSSifS 
*tfflW83ftT*D, *£»g£2 1 y 1 , 2 1 y 2Tfilf 
Stlfcb— tf-e-ALRy 1, L R y 2 tt^n^ tl£ 40 
1*5 7-3 9, 3 8T'5lt*nTM^tlTV>So BPS, 

hEioT, bf^;HR^^r-J?l 1 
0 U— y-e-AOfflH-fti^CftV^jjUcftoTV^ 
5o ^x/^-r-^±i:n«Hc, U^/H z± 
KXUvh«0!WB1H«3 2atfRAKIMIl 9. 2 0 
©SSffitt 1 9 R , 2 0 RtfEHSttTl^*. ?LT, 

mmm® 1 9 rsu/2 0 r w;H2ti 

7 (a) OZ 0fBHHB^T— ^4*«§RT**atCi5:t? 
TV^S. L(DiCW;H2tZ0iiIijXf->"4 so 



18 

i:OB8«*HHILrat^07vi'^>Hl»a&tfU^ 
*;H 2fc*x/\5fc©II^«*iRLf:*ttSliT*S 

[0 0 5 4]g8 (a) tt, 14 (a) ©l/f-*;H 2 
£07 (a) ©»Pv-*«6±fc:l8*L-a#SftSU 
1-5 >mi 2W^U (a) fCfcl^T, 0 4 

(a) £D7r-r>77-r^VhV-^2 9A~2 9D^ 
«f2&V-^{f! 2 9AW-2 9DWt, 77^>77-Y 
0 A~3 0DtftS%7-i'i3 0AW 
-3 0 DWfctf^SftTVVS. &V-*«t2 9 AW~2 
9DW&tf3 OAW-3 ODWti, ZtlZftmS (b) 
C^idK, 3 4 iBfcBBL 

[0 0 5 5] 08 (c) tt, S^V-^«6±<DS*V 
-7©@EH^U COg8 (c) ©S*pV-7®6± 
Ctt, 08 (a) OV-^ft2 9 AW~2 9 DWSCF3 

0 aw~3 o DWfcsjsra-oEHT^n^nwiv- 

735A-35 D&tf3 6 A~3 6 Dtf Jgj£SftTl,"> 

V-^jg6±fC«, S^Sv-^3 5 A&tf3 6 A©*j5 
fr6jaE&lftT**Y»|RlKIBIIW I LTSttliftfcffilUc 
S*v-*3 7Atf}&a*hTVV6. HQMI Ltt, 01 
t»tJ*a»31£*3R8 0»pJ«li:*7 • 7?->X^© 
77^^y hSS3 4 0S*p^fcOHPST'^S^-X'7 
IrWSC, SJpT-*3 5BRtf3 6B 
©*jS, 3 5 CRU3 6 CO(fM(fl¥v 

-*3 5DM3 6D©*j£frS*ft*ftY2ffiK:|fflI 

1 L^ltnfefiWfc, 3 7 B, 3 7 CM 
3 7 DtfJBjSSftTl^So 

[0 0 5 6] g*pV-^73 5 A~3 5 D, 36A-36 
Dii^tl^ttHS (d) C^-Ti^t, 7Rx7 5tJO[S 

««^*->*^«iasn, aocnes*pv-^3 5 

A-35D, 3 6A~3 6D(ig8 (b) ©V-^<§2 
9AW~3 0DW©rt«lClKS***ST?S*. Sfc, 
S^V-^3 7 A~3 7 D«, 0 8 (e) K^TJ:? 

[0 0 5 7] CCJf-a-, 5fe-f0 2©Xf--y7°l 0 5(Cfe 
t^T> Xf7/1 0 3M1 0 4<DtHiJ}C<tt)^P,nfc 
8**6, W;H2J:RAIfflil9M'20tO 

(a) O77^v77^^>f?-72 9AM30A 
^^fftRAIMl 9&tf 2 0©«»®«1 9 RR 
tf 2 ORrtKBSBS-es. foi, Xfy71 0 6 tc^s 
l^T, 08 (c) ©»ipV-i'fi6±©SipV-*3 5 

A&t>*3 6 kttnznznwmffim 1 9RM20R 

tWBfoW&mi 9WM2 0W (09#H§) tc&h 
tSo cnK£D> H9 (a) e^r*5K:, 

1 9WfiT7-^i2 9 AWi:»^V-^3 5 AfctfW 
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mcWIMT'Z, MiW2 0Wfit'Y-^i3 0AWi: 

g2pv-^ 3 6 a ttfmmKLmsretz. 02 

OXf-y^l 0 7fC*3^T, RAH«Hl 9&tf2 0T? 
5. 

[0 0 5 8] 09 (a) KfeV^Ttt, S?Pv-^S6± 
SftT^*. tfe, 09 (c) fcaWiSfc, 10 

1 9W&tf2 0Wti, ftifna^^soDt?-/ 

7 AtflRSoTVSo ? LI, X'J'vhX+tVSM 
t R«fC, 0 7 ( a ) £0 Z 6 fUBftX r- 5> 4 ±{fll 
(Y^Ir]) fc»»-r*oi:Bi)BbT, 07 (b) Obf 
f/l/H/MMftX^-S* 1 ltfTffiJ (-y£lRj) fc»IW 
^9 (a) *>6H9 (b) K^ri^C, S^V 

-^etl/f^Pti 2 Wi: yjSirjscSKo 
C©i:#, RA1M19, 2 0OnR1IWl9W, 2 20 
0Wfc*7 • 7^^3EFS075-r^yh«B3 4 fctt 
Hj££ftTV>3©T\ K««19W, 2 0W&tf75 

(V-*§l2 9AW, 30AW, S*V-^35A, 3 

6 A, 3 7 A) fr£ffi^Dtftt£nfcV-*P 

{§2 9 DW, 3 0 DW, S^V-i7 3 5 D, 3 6 D, 3 

7 D) fW»ltfr<. 

[oo5 9]5tu\ r^jtvhmm&om (a) © 

3! 1 ©SUtttBTtt, 9W©T(CV-^2 
9 A W&tf S*pV-* 3 5Atf*9, MMMM 2 0 W© 30 
TKttV-^«3 0AWRtfS*V-^3 6AA^0, 
*7 • 7*->X£3©75'f*y b8B3 4©~FfcttS 
*pv-?3 7 AtfS*), Ctl5«H*AjWSftftV-* 

ttini^K-r^TWRsti*. % 1 o»±fflit-eow-a*' 

$fWA«l 2WtS^V-^7fS6 t^lWI^bT^ 
ifj^^So m 1 ©HitfizBT'ilg^iglc 1 9 W, 2 0WS 
U'7^^^>hgH3 4©Tfc#ftLfcV-£gft;m*§ 

$19W, 2 0WM77Y^>hai3 4<DT(;:#a « 

■rsv-^Ptt^B*M>t^nfcv-^p (0 8©v- 

^(|2 9BP, 1$Y-^3 5B, 3 7Bf) T$5 0 
[0 0 6 0] JM±0«ftS/— 5r>^*S3 0#±ffiBK 

ff»4ce±ffii (09 (b) <Dtttm trnvrntct 

Kit), 1 2 WOv-^ff St>"S^v-^tS 

6±©Spv-i^ IHAWJftftv-Jfi, faff 

^D*w*nfcv-^pomt, ^n^'tiRAUMi 

4Kd;oTtf-aiJ^nTV>< dttJg:?,. C©S&fttf, 0 so 



2OXf'^10 5~l 10©iSffn?&5„ COltL 

iWBS*H 1 0 tc^to 
[0 0 6 1] 01 OKfc^T, RAgjffiill 9Tl#P»n 

-V 3 5 A ;&">£, V-;7«2 9 AWSt?07^-ry>h^ 
gC^h/I/fcALfcl/r, IHHUlcS^V-? 3 5 B~ 
3 5 DA^^flftl7-^« 2 9 BW~2 9 DW$T'© 
77-T^>'h^©^^b;l/?rBL~DLfc'r?. 0 |IHi 
K> 3 6 A^5>V-^#3 0 AW$W7 

I'^yFilM©'^ h;]/£ARfcLT> 1*7-^3 6 
B~3 6 Dii^WfnY-^i3 0 BW~3 ODWt 
T?©77-l'*VhPM<D'^ h;l/?:BR~DRi:-r5„ 
4-7 • 7*->X££©75'f*>Httll3 4T*f§ 

3*V-^3 7 A~3 7 0^5,^77^^71-813 4 
©S^Ss-POKM^* Ml/^tVfftAO-DOtir 
S„ 

[0 0 6 2] ?-LT, Mi^^h^AL, AR-DL, 
DR^iftttO, 01<Db^^;l/§JO z F^tH 4T*tt 
8J«tlfcx3r6|CDtfHMI, (b) ©u-tf-e 

-a l r x ^fflv^snfcfflfHi^n^ftR e a x 

-ReDx, ^^h;bAL, A R~D L, DR£I# 

Hioi/^-^mflfflWH 4T«-sisnfc 

y»lRlO*«ffi, IP-50 7 (b) ©lx-^f-e-ALR 
y 1 , L R y Z*fflV^S5nft*gI**nfnR e 
Ayl—ReDyl, R e Ay 2~R e Ay 2 
Sfc, Kg"<*h/1/AL, AR-DL, DRtfffci:* 
©, H 1 Of x/n«0=F8«H 3T*fN9J£ftftX£|*I© 
ffiSffi, gp-%07 (a) OU-f-k-ALWXW 1 
TffSttfdBfflBfc^tt^ftWaAX-WaDX, KM 
^WI/AL. AR-DL, DR*f#fctf©, 01© 
fx/MMOTgStf- 1 3TfSHi«tlftY^r[RlO*«fl, BP 
^07 (a) ©b— tf-e-ALWY 1 , LWY2£ffl 
^T^en/cJ^Hfil^^n^tlW a A Y l ~W a D Y 
1, WaAY2~Wa DY2it5. 
[0 0 6 3] g-fc, hfrAO-DOZmctt 
©, 4-7 ■ 7^->XH©77^^7 hSsBWBOT)!* 
«-P»6tlftX»|RlOfl9MI, BP-507 (a) ©U— If 

-tr-ALWoF sffl^Ti6nftiSi*tnfhwa 

A0X~WaD0Xt«o C©Jg#, 07 (a) Kzk 
■T«fc 3 tc, 7X^ffl!|©U— »f-lf-ALWY 1 , LWY 
2©X^r&l©F t SPitt I L-e$9, U^*;HM©b~»f- 
H'-ALRy 1, LRy 2 ©7XMffl!|T©fflPSf± R L V 

[0 0 6 4] 0 1 0©l§Jg^ h;l/A Lt§©3<i6 

ttmmimmir% 0 01 m, rah^mi 9Mco 

>> 1 4©^gl3 < J;t5 7 , fi7 7'-r^-4 4^LT®3'fi7 , fit|l|i; 



(12) 



WB¥7-1 7 6 4 6 8 



5 C S*PV— 6 ±OS¥v-^ 3 5 A~ 3 5 
DfcH&IJJU f-AXX'J 7^-4 5 BfcjgjiLTciUE 
tttf, 1^X4 5 D, VyXA 5 E, 57-4 5FM 
U5>X4 5 G*«T»Pv-^«6±0»Pv-^3 6 
A~3 

[0065] 8mmm-?~^3 5 Azmi&Ltcmz, « 

^>hV-^ 2 9±{C^OS*Pv-?3 5 AOtei 

-^2 9^P,OM Hfil5 5-1 5< U>X4 0A, 
1/^X4 0 B^iT;W57-4 2(CIU a-75 
7-4 2T-2 ^SJSnfcJtA^n^tl 2 #tcC C D «fc D 
%5X«fflO}iff^?4 3XSyY«fflOjf{»?4 3 
YOfifttffitA'ttrSo Cft5JIf«^4 3XMH 3 
YOSMUffittt^n^nBIl 2 (a) fcaS-j-iifc, 7 
T<<>77'(*y hv— ? 2 9 A&tfg*pV-^3 5& 20 
3 5ARO«WSft«. COS^ XlifflOjfff* 
? 4 3 X©}f{fUiiSi4 3 X a (4, ^XAXf-^lOX 
tflRlKW&W*-^ S07j<¥^SII©S[R]tX7jfRlT' 
Y$i!ffl 4 3 Y cOjafmifflM 4 3 Y a 

¥^a«<073lR]t»Y^[S]T^?.c 
[0 0 6 6] tJ£oT, 8HtelS?4 3X©jff§fI^S 4X 

2 9 a fcox^[eaoffin-fn«*^«>5n, Jt»*?4 

3 Y <DMmm S 4 Y ©imEWSfr V- ^35A so 
i:77-i'^yh?-^2 9AfcOY/tlRltf)ffiifnitf 
3R«>5ttS. cneSff^S 4XMS 4Y*^JB 

[0 0 6 7] j:»>S»fc, KffAiW«nft7-*Bt 
77J*yhL-Z^%m£Zmfc®~>TmW1r%t, r 
AMfkttl 9Tttffil*tfHl 2 (a) K^tlT^T 
7-Y^yhV-^2 9Afcl¥T-^®3 5 ARt*|p| 

m\zwmt% a coai2 ( a ) ics^t, shstph* 
ntcrnm mm a 3 x a stf 4 3 y a rtoaft s 4 x 

&U'S 4 Ytf, fi^fflgB4 1 ftT-Z-T-D^/xS'** 40 

<Ofe&8±0M&r-*\t, \m>!mm.A \ \HX\ X 

ffl©B{iKf^S 4 X' Sl/YWffltDHftfl^S 4 V (4 
^-n^'fiBi 2 (b) Rlf (c) fc^sns^tcfc: 

[0 0 6 8] C©«KLTff&ftfcffl**ffi*WlHSffl 
®2 9AWiS¥^-^«6©Sipv--*3 5Ai:©X so 



^iRl&tfY^lnlOffiWWSfflB-fnAL' x RlfAL' 
v tf*»Sh6o LTx 01ORAIffll2Ota 
9, V-^^3 0AWtS^Sv-^3 6Ai:<DX^|fi]R 

tfYSisioffiWttafiMwnAR' » atfAR' , m 

&P»nS„ Inlttt, 0 1 0©V-^{i2 9 BW~2 9 D 

5B~3 5Dtcoffl«w*fi;s-rn, 

Mv-^§3 0 BW~3 0 DWtl^V-^ 3 6 B~ 
3 6 D fcOfflttWftffiB-f n##fc&ft5. 
[0 0 6 9] LfrU 0!l*tf01 2 (b) 077^^> 

bv-^ 2 9 Aicttfc-rmmmt, mw^-tm 
5 a RtcMjs-rsBfftfl^fcti, ^-n^nu^/wi© 

=F»st £ fx/vUflD^FIWt fc tc i o TffillWSWSnT 
0O29AW, 3 5 A, 3 0 AW, 3 6 A) ^fffiJLT 

^zi&oisrtrmiDTmmwmmn e a x , Re 

A y 1 , ReAy2t 1 *X/\«©=F«W©tHI*IIW 
aAX, WaAYl, W a A Y 2 fcfcftLT, ^Xf- 
^Oji^ieMtCiEH-rSttliJIfiM (=^»Jfi-^ffi) 
T$5AReAx, AReAyl, AReAy2t, A 
WaAX, AWaAYl, AWaAY2W4f5„ C 

-rnAL' x , al' y ta-sntvso 

[0 0 7 0] ^cT'^S<D«fe9{c> ttSiJ^J; "3 «5>nrc 

*\ 01 0©77l'*Vh^©'^ h;VAL©Xfi£# 
A LxRtf Yfiic^A Lv h&So ffiU ^Stfc^T 
(l/M) ttJ^3tt¥*8©|frMI*"?*!>, I LStf 

r l (4 ^n^nia 7 t?kw l tc mmr- & « . 

[0 0 7 1 ] 

C»l] A Lx = A L' x — A R e A x /M— A W a A X 
[0 0 7 2] 

B&2] ALy = AL' v-AReAy l/M- { (AW 
a AY 1 +AWa AY 2) /2- (AWa AY 2 — AW 
a A Y 1 ) • RL/I U 

[0 0 7 3] iltLT, 0 1 0(0774 *y\>WM<D 
Wl/AR©X/£#ARx RtfYj£#ARY fc^sSfr 

[0 0 7 4] 

BS3] A Rx = A R' x-AR e Ax/M-AWa AX 
[0 0 7 5] 

[»4] ARy = AR' Y-AReAy2/M- { (AW 
aAYl+AWaAY2) /2- (AWa AY 2 — AW 
a AY 1) XRL/IL1 

[0 0 7 6]*K, *7-7*Wjj3.077'f*Vb 
SW3 4EJ:0*&ft*16*«fiIELTf»6ft*Hl 0 
OiS^h^AO-DOKO^TiitStf, *©fc 
fetet075-r^>'haai3 40ll«tO*Hl 3£# 

jHLTHWi-r*. 

[0 0 7 7] HI 3J4, ^©77^^ybgB3 4 0« 
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-77UXA4 7tAitL, ^-77"yX2U 7 T5*J 

CWT r F I Aft^&j tV^) 4 8K|rI:H\ 

t) IS? v- irfr & CDBjJfJfcfctftffi'r Z>fztb<D7 7^ > 
hft^JS («T TL I Aft¥JRj 5 2tA*fr 

So 

[0 0 7 8] F I A«^5*4 8U^5IKHJ5-r§ 

t , mmytm 4 9 *•> e. osa^ jta f i a yt&% 4 8 10 

fcft, a-7^JX'A4 7&tffflrq] = ^-4 6JCj:oT 

So ^©M^^tilHlCTtSg^jilloTF I A3fc¥JR4 8fc 
SO, F I AJteWR4 8*iifflLfc3t*V^7yjXi» 
5 0A(cA£fU ^-77°UXA5 OA*3BiLft3ai 
a*23J?7cCCD±04*X«fflOJt«*?5 1 Xcofifg! 

7 7 U XA 5 0 A UK*** tlfcJttJfctf 2 ^t£ C C D «fc 5 
*SYttfflO»»*?5 1 Y©»tt!ffi±fi:glpv-*fi 

TO 0 7 9] ZtlZtKDM m #? 5 l XRtf5 1 YcQji 
•ffi±fctt. Hi 4 (a) K^iSftBflfeWBftSft 

<Dtt?j«T*f3, 014 (a) 

y©«3 7 PA^asBsnT^So ^©is^^o/^-y 

©<f!3 7 POPv-^fielTOWeyf^P, Bg 
io»i* l m L tf -y ^ P <fc D 0 /> 

7 & 6 oiawjfc t amowmftreum ^ntzx^mn 

(figv-^) «U 8 X l . 4 8 X2MY 30 
£lRffl0JtfiRv-?«4 8Yl. 4 8Y2»Snt 

So 

[0 0 8 0] JWWSlCtt, 01 4 (a) <D$TXJ;fat 
«aft^OSMWH«|5 1 X a&tfY^fi^S&^fi 
©»*««5 1 Y aA\ WFftH 1 3<0»ftlg? 5 1 
X&tf 5 1 YT'iiSnS. Jiff*? 5 1 XSt>*5 1 Y 

o*¥i£*M!o*iRia:*n*nx35risifttfYS[ftii:j«a 

stftft s5xms5y^bi 3 ©{i^Maaa 5 6 
c0Mesns= #*J!issB5 eta, ««tfi#s sx 

MS 5 Y?:^n^'nira©¥l£)LT, 014 (b) OH 
«8*S 5 X' &tf0 14(c) ©Ilfgifi^S 5 Y' « 

#P¥4- 1 6 5 8 9^^P^^nT^So 
[0 0 8 1] ^ffi^t-rSS^V-7^01 0OS* 
T-7 3 7 AOtf^C N gl 1 4 (a) (DlMMfCctD 
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ifiiatfYSiRiofiwwaffiBfnttn^nAo' ■& 

tfAO' fYfTSo C0i:t<DS?pv-^S6 0ffiS{3: 

0 7 ( a ) CD Z 6 WiIM&Xt 1 -: J? 4 a£%K£&tf H1E 
8@*3[V\fcffltf, 01 0©»g'<*hrt/AO©XjS# 
AOx StfY^AOy t&So fib, 01 3©F I A 
)E^R4 8fc»iSf*Xj«»AOx StfYfiScftAOv £ 

^n^ftAOff&t/AOff tfSo bps, Wien 

So 

[0 0 8 2] 

[ft 5] AO«=AO' n- (WaAOX-WaAX) 

[0 0 8 3] 

C»6] 

AO«=AO' fY- (W a A Y 1 +W a A Y 2 ) /2 
[0 0 8 4] 0 1 3©L I Aft^5 2^07 

1 i kivmsi, A-7yijxi4 7*i8iLft», 

(1^5-5-4 5T'fI[Rl?nTS^-^«6±©lHl^« 
^cDS^v-^CAW-TSo ^OS^v-^^e,cDHl 
STjfctt, IrII^S^iOioTL I AJtt*3R5 2 KM 9, L 

I A3fc^**5 2^ai§LfcIaIflT7 I ea, ^-77UXA5 
0 B-e2iMWStiTX»|Rlffl05BW?5 5XSO*Y7J 
[6]fflO§7t*?5 5 YKlA*hrSo 

[0 0 8 5] CORK, LIA^5 2fiT*l/-f7t 
H5 3fr6©l^1f)tttt2*MWStU P^©H$iSt->7 

H«SMft^*5ftT^3. *ft5 2^©U— 9%©T 

S»A fO#BHffl#S 6A^UJ*S4aSo Sfc, ^*l5> 2 

«saS4A«ft7?»Pv-^S6±0|HlSf«F?«0S 

© U— 9%©± 1 ^HSfJfcA^ ^ffKSipv-^S 6 K 
*fLTSil{cMSJ;3fc*oTv-'So > *<n±\Wt<n> 

V-^OXfflRRtfYffifflfC^SUT^frSo ^bT, 
S)tt*f5 5Xfr6tt, aePv-^OXflE«KJSi:Ttft 

ffl^SfbLTv^^sasA foe- m#s 7 x^m* 

Stl, «3tt*?5 5Yft«6tt, S*Pv-^OYffi«K:*S 
UTfiBBiWCfcLTV^JBaHRA f <oe-hf§S 7Y 

*<ffi*sn, #,TO^s estfe-hfi^s 7 x. s 7 
y ammmmm 5 e t^^tir^s, 

[0 0 8 6] ^ffi*t^OS^V-^^0 1 OCDS^V- 
^ 3 7 A fc-fS 0 1 3 Ofi^Ma^B 5 6«, 01 

4 (d) #lifS6i:ii-MfS7 

XfcOtifflHAtfx j;D, »V-7 3 7 A©X5?|rJ© 
fifi-fnAO' lx^J6, 014 (e) t^-Tct^fC, 
S 6 fc tf- HI^ S 7 X OfflffliS A 0y J; 
0, g*V-?3 7A0Y£fi|0ffiffrttAO' u^jR 
i6So COtf-!giJ^S^e0 7 (a) CDZ elSffiifiX-r- 



(14) 
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iSio&fewMRvmmmtti^rcmtf, mi o©g§ 

M"<*h;l/A0©Xj3c#A0x S^Y^AOy t% 
5o fiU Ell 3 £D L I Aft3**5 2KJtJS-r*Xl«# 
A Ox RtfYJt^AOT fc^JVPtlAOuRtfAOLY 

[0 0 8 7] 

R£7] AOlx=AO' lx- (WaAOX-WaAX) 

[0 0 8 8] 

«8] 

A Oly = A 0' lv— (WaAYl +W a A Y 2 ) / 2 10 
[0 0 8 9] «±©«KLT, 0 1 OOfiFfA^h 

t^-^mniim^T^-f^y h*n?£, alx , a 

Ly , ARx , ARy , AO™, AOn, AOlx, AO 
ly O8ffl<0r-*OTH«ISn*. COaft^—JryXT 
A *W JtlftV-^ P-ft^t D ftfc V- * » 
^©ffW&fi^CttC.fcoT, 3 21 (=8X4) CO 

f-^wsns. 2f@of f -^op , iiT\ r 

Amfflmi 9&tf2 0C < fcf3t#P,tlfcT f -^?rSI}fiiJf ; - 
2Dxn, DyntLTfgHU *7 ■ 7 7 is 7.75^<D7 "7 
J ^yy&W?, A\z.^%^Wz^-ZK-mW~-Z k 20 
xn, AynfctTfB«-rSo ^©^ IrfftiB 2 OXf7 

7°i i \ \z.wm% a 

[0 0 9 0] |2(DXf-y^l 1 lKiS^T, RA^S! 
Ml 9. 2 0fc*flfrfS*a!l'7*-*D»», DynfcfcfL 

Siflio*«*F»atfF»ni:-r*i:, cneoMftttW 

[0 0 9 1] 

089] 30 
[FynJ-[ Ry . e Ry j[D y „j + [o y J 



[0 0 9 2] Sft, x 2f fa& tf y 7? fyOim&mg* £ 

■ atf £yn fc-rst, sfcstfjautr*. 

[0 0 9 3] 




[0094] ?Lts Lnyp»iii( £ »», £y „) 

tf«/hfcft*«fc«/.hg*ifi«*fli^T, (» 9) ©6 
Ry, 6, u; , Ox, O y ©fit* 

wm-ts„ c:c-ex73fR]©x^-ij>^v^^-^R x 

ItUmill 2fc»pV-*;R6fc©xSlft©«*iae 
*wU X^- U y 7"V S 7 * R y « Uf - y" 



»H¥7-1 7 6 4 6 8 

26 

vh/<5^-#0xStf0y «M#© x SiSlRtf yaffil 

[0095] ^{c, ^©x^-y^i 1 2&U'l 1 31: 

^->X^S€>77-r^yhSS3 4T?tHBIS*lfc-r-* 
Axn&y'AynOTOii^^n^n <Ax> Rtf (Ay) 
t LT> ^-X7^VSfHBiJf$©*7-t«y Hi ( <A 
x>-0x, (Ay) -Oy) tW„ fct^ 77^ 
^VMSfctt, mi (a) ©U-*f-e-ALWX£ffl 

v>5T#lt CttT, r«)tffl=FiS«tLwxj fcfciw;) 

7 • 7^>XWfflT)*«tLWoFj fcfenfj?) fcffi!l»;£gj 
7$*, Hl3CFIAm4 8*ffifflt««^t 

<A f x> RZf <A f y> t?Zo ?LT, ^7-fe-y r- 
(<Afx>-0x, <A f y> -Oy) ©:*7-tr>y h 
*EI7 (a) ©U—^'-tr-ALWY 1 , LWY2, L 
Wof fcWJS-j-STBW-offSHWcH! ft-£T77^* V h 
MS*fr*tfJ:v\i H30LI AJfc¥*5 2* 

ffiffl-TS«^Kl4, ttMStlfcT-* Axn &tf Ay, ©¥ 

mZZtlZft (ALx)M(ALy) t^3 0 
T, =F*ttOft»JfflK: ( <ALx> -Ox. <ALy> 
-Oy) OJj-7-fe<y h^fcfc-arntffiV'o 
[0 0 9 6] ft*, EU:©«iIE£i£«, Xf->*SM 
©SM^*S*pv-^fe6±©a^v-^tS^i> 

^Jx.«'Sipv-^«6±©S¥v-^3 7 A~ 

3 7 d zm&wifi smm t % <o , c <omm m±-?mm 

=F#ttLWX©«#«*0i:Ljyi£©, C©SWltt 
■c?©^7 • T^i/XWfflTifttLWnF©^^ (3 — f 

*W-LWX©a!*fili:, *7 • 7^>X5ffflT$ff-LW 
hf 0*IBOBl»«K*03-^ rvy«OHIjE*tf raftIS 
Si:*, ^tx^ft rSitLM©^W-fflJ fcLT, c© 

If 7 fe©T'fe^o 

[0 0 9 7] CftfcftLT, fUxtt"07 (a) £*5^ 
T, X-r-ytfWRO»IM»*X||fflO»»||7Xtr 

(a) «^ffl=F#ti-LWX©^I, Rff^- 

7 • 7^->X*fflTMtLWoF ©lfi*tt*|Hl^tU-b-y 
h (OK) l, WaoBJWKttSWLfflOTiMHi* 
ffll^c^^Plf^OfeOWtSo -S, 77 
-Y^yh^ftca, ^Jx(fS^v-^^6±©S^v-^ 
3 7 A~3 7 D*a«»*W©^»lM7 X{C*fT5|<gS4 
ftexr^m U— 9*Vf-^LWXfc LWof tOKHI 
L*ffl^T> ^"7 • 7^->XWffl=F)fti-LWoF©M&ffl 



(15) 
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auroBJWKttBjtfflT^tfLwxowi*®, a 

[0 0 9 8] ItllJX-^Dxn, Dynte, 

H\ S6W:'^^-«x, Ry, 6, a), Ox, 

o y (it^t^xAii^^OTi: Lfcu^*;«&m 

(r». ry,,) l£m-3^Tls?Z)\>*mWytmf&\i\ 
[0 0 9 9] 

[Si 1] 



[rx -R«-<«a+9)]fr»1 + [bx] 



[0 1 0 0] CKD&St;*^ Ktt7-b7h0x, Oy 
itLTtt (<Ax>, <Ay> ) ©*7-bv h%*iIE 

sit, t^rmomskttt*), sx^jmbrthjet* 

[0 1 0 1] #±©«fc*iai&0IJfc<fctttf, 1 lelOU^- 
;U7 7^ 7<> h Rtf"*-* 5 -f VlOf x -y 5 v <D 



[0 10 2] LfrLfttf£, **2ffcfc:ttSipv-*« 

#x.p>nSo fO^-X7^^lofi7^^i:, 0 
1 30L I Aft^5 2*m^fz&W£fi7mc. %jft 
US? 5 5XRV5 5 Y©BtfjfM&jav^T*x/V*f--S> 

SR|£)Uf-*;W-*«:U?-i';H 2 o 4 PSgpoff 8 KFJt 
KEBSftT^*. Cft«l^*;l«S&t'7x^ffiJg 

/W-JRx, Ry, 9, co^^T^O, 4KfCV 
-^*BBLfeS*V^^-*Ry. 9, a»d«6Ktt 

[0103] l 2±©b^;i/v-?iSc 

SrnfcfSfc, m7h^7^-^0x, OySl/ 

*. «oT, Uf-f;l/V-*«n*JtbPl-*a(aStt/lN 
£<ft3 0 WTt, W^/I/V-^Snfc^*-*© 

3 yLf;ISSm WTT-tt (Si l) OtrAflffil* 

[nm] r-a-r 0 

[0 l 0 4] 
C«i] 





RX, Ry, 0 , w 


^-X7-f>i 






©•» 




©asg 






sm 


X 


Y 


X 


Y 




4 


9.59 


10.96 


8.8 


7.2 


16.00 


8 


7.10 


7.92 


6.2 


5.1 


9.43 


1 2 


5.86 


6.48 


5.1 


4.2 


7. 77 


1 6 


5.03 


5.80 


4.4 


3.6 


6.83 



[0 10 5] «±J:»)U^*;l/V-*ttn*8ffli:-rs 
tybRZf^-XU yW<T)=f-^y>7<fmWt 1 Onm 

fi6oimpie(rt-c«Bisas*#<LT, i/t^/vt-* 



ftgfcftS= 

[0 10 6] co|»k:**iv-*S6±<o^*-xv^ 

tfimwifcu. ±xEnas«i"ett, 0 8 (c) 
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S*PV— ?fi6±CSH8v-^3 5 A- 3 5 

D^aaffltattsn, s*v— 737 a~3 7Dt«s 

-7 3 5 A&y - HBdS¥v-^3 7 AO**ffifflLT 

[0 10 7] Jfcfc, *S5WOS25WtWUco#, 01 5 
StfHl 6©7o-^+-h*#!|{|LT8!W«-*. cn 
fcBBLT, ±}zECiSl^SS^Obf-^;b77-i'^>'h* 10 

29A-29D, 3 0A~3 0D*ffflLT, 77^> 

»l*SSWo»ffilc«J:5 ia77^ycob^^;l/ 

JlfflBRfcOWflt^/hSl^^ffKH:, 1 1077^y 
-x^yfW&fi? J^CLTkJ;^ C(D J; -5 tc l 
iRlOfif* (Rx) fWJ, D-f^ay (8) W-M, a 

>tt»jco 3 s@ K*rr r 

•Y-yi't-Fti, Itl/f-i'/H 2 ±©7 r^y7=y^ 
^>K-?2 9 A~3 ODOfiSB^Mtf'Jyjv-.;:^ 

[0 10 8] CO^-y^t-FWi, 0»J*lf, 
;H 2±Ol807r-fy77^yh7-J29A, 
3 0 At, SipV-^«6±0 1ffiOS*V-^3 5 
A, 3 6 At, S^-^JS6±©10cDgi1>V-^3 30 
7AJ:«oT, #**+>£fil0flW (Rx) fffij, 
a-r— > 3 > (9) fffij, ay'^-X7-r>tf-SiJ©3 

aBKjfr*iHi*iaw*. fib, -y**- 

FO«^ Ig©77^y77^^yhv-72 9A, 

3 0 A<Di&mmMZ%am-?%rzibiai, yr^yy^^ 
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